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Inertial  Navigation. l\\e%e  citations  pertain  to  instrumentation,  ap- 
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This  bibliography  contains  167  unclassified-unlimited  citations 
on  Inertial  Navigation. 

These  citations  are  studies  and  analyses  pertaining  to 
instrumentation,  application,  alignment,  reliability,  feasibility, 
cost  effectiveness,  test  and  evaluation  of  inertial  navigation,  and 
some  pertinent  information  on  the  doppler  inertial  navigation  system 

Entries  have  been  selected  from  references  processed  into  the 
Defense  Documentation  Center  data  bank  from  January  1953  to 
September  1977. 


Individual  entries  are  arranged  in  AD  number  sequence  under 
the  heading  bibliographic  references.  Computer-generated  indexes 
of  Corporate  Author-Monitoring  Agency,  Subject,  Title  and  Personal 
Author  are  provided. 

BY  ORDER  OF  THE  DIRECTOR,  DEFENSE  LOGISTICS  AGENCY 

omaAL 


^ I 

i 


AD  BIBLIOGRAPHIC  REFERENCES 1 

INDEXES 

CORPORATE  AUTHOR-MONITORING  AGENCY 0-1 

SUBJECT D-1 

TITLE T-1 

PERSONAL  AUTHOR  P-1 


PRECSOlNa  PiOB  hi.AUK 


Unclassified 


DOC  report  bibliography  search  control  mo.  ZOW07 
Ad-  600  140  17/7 

MICHIGAN  UMIV  ANN  ARROR  INST  OF  SCIENCE  AND 

technology 

A settling  time  constrained  optimization  of  A 
velocity  inertial  navigation  system.  (U) 

MAY  64  22P  PORTER A.  fKUOtH,  » 

Contract:  da36  039SC7880i 

unclassified  report 

supplementary  note:  report  on  project  MICHIGAN. 

descriptors;  (♦DOPPLER  NAVIGATION.  OPTIMIZATION) . 
(♦INERTIAL  navigation.  OPTIMIZATION).  NAVIGATION. 

DOPPLER  SYSTEMS*  INSTRUMENTATION.  PERFORMANCE* 

transients,  differential  equations  (U) 

identifiers;  Michigan  project,  standard  deviation  (u) 

A technique  is  described  for  improving  transient 
performance  in  the  VELOCITY  INERTIAL  SYSTEM  WHILE 
MINIMIZING  the  standard  DEVIATION  OF  THE  SYSTEM  ERROR 
(FOR  EXAMPLE.  THE  STANDARD  DEVIATION  OF  THE  SYSTEM 
velocity  measurement  error).  TO  accomplish  this,  a 
prescribed  settling  time  constraint  is  formulated  fop 
THE  system  response*  AND  THE  CONSTRAINT  EQUATION  IS 
THEN  IMPOSED  ON  THE  MINIMIZATION  PROCESS.  THE 
RESULT  SHOWS  THAT  CONSIDERABLE  SETTLING  TIME 
improvement  can  be  DFRiVED  WITHOUT  SACRIFICING  SYSTEM 
ACCURACY.  (AUTHOR)  (") 
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Unclassified 


'JNCLASSIFIEP 


DDC  REPORT  niBLIOSRAPHY  SEARCH  CONTROL  NO.  Z0MO7 
AO-  602  682 

SPERRY  RANP  CORP  LONG  ISLAND  CITY  N Y FORD  INSTRUMENT 
DIV 

NO-GIMBAL  FEASIBILITY  FLIGHT  TEST  PROGRAM.  (U) 

NOV  62  108P  XENAKIS* JAMES  ; 

Contract:  af33  616  8463 

PROj;  5201 

Task:  520104 

monitor;  asp  . TDR62  913 

unclassified  report 
supple^'ENTary  note: 

descriptors;  (♦inertial  NAVIGATION*  FEASIBILITY 
STUDIES)*  NAVIGATION  COMPUTERS,  ACCELEROMETERS, 
GYROSCOPES,  systems  ENGINEERING*  MODELS  (SIMULATION), 
flight  testing,  data  PROCESSING*  TEST  EQUIPMENT  (U) 

THE  PROGRAM  SUCCESSFULLY  DEMONSTRATED  THE 
feasibility  of  a STRAP-DOWN  INERTIAL  NAVIGATION 
SYSTEM  AND  VERIFIED  ThE  PREDICTED  PERFORMANCE  OF  THE 
BREADBOARD  MODEL  OF  THE  SYSTEM.  THE  REPORT 
DESCRIBES  THE  RESULTS  OF  EIGHT  FLIGHT  AND  TWO  GROUND 
TESTS  DURING  WHICH  APPROXIMATELY  40  HOURS  OF  SYSTEM 
OPERATION,  INCLUDING  20  HOURS  IN  THE  AlR  AND  20  HOURS 
ON  THE  GROUND*  WERE  ACCUMULATED.  A COMPLETE 
DESCRIPTION  OF  THE  FLIGHT  TEST  AND  DATA  PROCESSING 
PROCEDURE  IS  PRESENTED  HEREIN  AS  WELL  AS  A 
DESCRIPTION  OF  SPECIAL  EQUIPMENT  DESIGNED  FOR  THE 

evaluation  program,  a brief  summary  of  system 

OPERATION  IS  ALSO  INCLUDED.  FINALLY, 
recommendations  for  follow-up  programs*  WHICH  WOULD 
INVESTIGATE  IMPROVEMENTS  IN*. AND  CERTAIN  APPLICATIONS 
FOR  A NO-GIMBAL  SYSTEM*  ARE  PRESENTED. 

(AUTHOR)  (U) 
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DDC  report  bibliography  search  control  no.  ZOM07 
AU-  603  959 

AIR  force  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OHIO 
THE  feasibility  OF  A VELOCITY-DAMPED  INERTIAL 

navigation  system.  Ml) 

descriptive  mote!  MASTER’S  THESIS. 

AUG  64  122P  TURLEY.ALBERT  RAY  JWILSON. 

ROBERT  JOHN  .Ill.» 

MONITOR;  AFIT  . GgC/EE/64  18 

unclassified  report 
Supplementary  note: 

descriptors;  (♦inertial  navigation,  feasibility 

STUDIES)  ► (*DAMPING»  VELOCITY),  ACCELERATlorJ.  ERRORS. 
FLIGHT  paths.  MATHEMATICAL  ANALYSIS,  DIGITAL  COMPUTERS. 
AERIAL  PHOTOGRAPHY.  OSCILLATION  <U) 

A PASSIVE  inertial  NAVIGATION  SYSTEM  GENERATES 
POSITION  information  CONTAINING  AM  OSCILLATING  ERROR. 
PREVIOUS  FLIGhT-TEST  RESULTS  oF  A GIMBALLESS 

navigator  clearly  indicate  this  unwanted  oscillation, 
external  velocity  information,  reduced  from  aerial 
photographs,  was  successfully  employed  in  the  study 
TO  DAMP  the  oscillation  IN  FLIGHTS  UNDER  THE  SAME 
DYNAMIC  environment.  COMPARISON  OF  UNDAMPED  AND 
DAMPED  POSITION  ERROR  CURVES  PROVES  VELOCITY  DAMPING 
HAD  little  EFFECT  ON  AVERAGE  SYSTEM  ERROR.  BUT 

improves  position  uncertainty  by  approximately  43'»;. 

TO  OPTIMIZE  the  INERTIAL  SYSTEM  FOR  ALL  FLIGHT 

CONDITIONS.  The  study  results  suggest  a variable 
damping  ratio,  values  of  0.7  PRIOR  TO  TAKE  OFF  AND 
between  0.07  and  O.L  after  take  off  ARE  RECOMMENDED. 
(AUTHOR)  (U) 


i I 3 

Unclassified  zomo? 

i I 
I i 


W 


Unclassified 


DDC  report  bibliography  search  control  no.  zomot 

AD-  607  853  I 7/7 

foreign  technology  div  wpight-patterson  afb  Ohio 
inertial  navigational  SySTFMS,  (U) 

SfP  64  128P  FROLOV. V.  S.  t 

N'ONITOR:  FTD  .TT  f''T64-57, 64-71637 


unclassified  report 

supplementary  note:  edited  machine  TRANS,  OF  MONO, 
INERTIAL*NYF  SiSTEMY  MAVigATSII.  MOSCOW^  1963.  126P. 


descriptors:  C+INERTIAL  navigation.  REVIEWS). 
ACCELEROMETERS.  GYRO  STABILIZERS.  TRACKING. 
SERVOMECHANISMS'  NAVIGATION  COMPUTERS.  AIRCRAFT. 
submarines,  underwater  navigation,  errors.  noPPLER 
NAVIGATION.  RADIO  NAVIGATION.  RADAR  NAVIGATION, 

CELESTIAL  NAVIGATION.  SCANNING.  SPACECRAFT,  SPACE 
NAVIGATION,  weightlessness.  USSR  U') 

A semi-technical  DISCUSSION  IS  GIVEN  oF  OPERATING 
CONDITIONS,  interaction  OF  SEPARATE  UNITS  AND  CAUSES 
OF  ERRORS  OF  INERTIAL  GUIDANCE  AND  NAVIGATIONAL 
SYSTEMS.  CONSIDERABLE  ATTENTION  IS  GIVEN  TO 
ANALYSIS  OF  ThE  OPERATION  OF  INERTIAL  SYSTEMS  UNDER 
CONDITIONS  OF  SPACE  FLIGHT  AND  THEIR  USE  IN  THE 
SINGLE  NAVIGATIONAL  COMPLEX  OF  AN  AIRCRAFT. 

(AUTHOR)  (!') 
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AIRBORNE  instruments  LAH  DEEP  PARK  N Y 

USE  OF  self-contained  NAVIGATION  AIDS  IN  DOMESTIC 
airspace.  (ID 

descriptive  note:  final  rfpt.* 

SEP  64  123P  HOOTON,E.  N.  IwlSEPART,!.  S. 

JABRAMSONtP.  » 

REPT.  NO*  AIL-3523-1 
Contract:  fa  wa4680 

PROJ;  115  17R 

monitor;  SRDS  » RD-64-131 

unclassified  report 
Supplementary  note; 

Descriptors:  (♦navigational  aids*  civil  aviation),  (♦mr 
TRAFFIC  control  SYSTEMS*  NAVIGATIONAL  AIDS)*  (♦DOPPLER 
NAVIGATION*  CIViL  AVIATION).  (♦INERTIAL  NAVIGATION* 

CIVIL  AVIATION)*  FLIGHT  PATHS*  ALL  WEATHER  AVIATION. 
GROUND  SUPPORT  EQUIPMENT  (ID 

THIS  REPORT  CONTAINS  AN  INTRODUCTION  TO  GENERAL 
NAVIGATIONAL  PRINCIPLES  AS  APPLIED  TO  THE  USE  OF 
DOPPLER  AND  inertial  SYSTEMS.  THIS  IS  FOLLOWED  BY 
A DESCRIPTION  OF  BOTH  SYSTEMS  CONCERNING  METHODS  OF 
OPERATION  (SUCH  AS  STEERING).  ACCURACY*  ETC. 

in-flight  errors  must  re  checked  by  SOME  external 
groumd-based  navigation  aids  and  this  is  discussed  P' 
SOME  detail,  a simplified  PROCEDURE  IS  GIVEN  USING 
vortac*  after  a description  of  airline  flight 
planning*  the  Impact  of  self-contained  navigation 
techniques  on  The  air-traffic-control  system  is 
DISCUSSED  relative  TO  En-ROUTE  FLYING  AND  THE 
terminal  area,  it  is  concluded  That  doppler  and 

INERTIAL  CAN  BE  USED  SUCCESSFULLY  IN  DOMESTIC 
OPERATIONS  AND  THAT.  SUBJECT  TO  CERTAIN  PROCEDURES* 
EVERY  encouragement  SHOULD  BE  GIVEN  TO  ALL  OPERATORS 
(INCLUDING  general  AVIATION)  TO  USE  DOPPLER*  AND 
later  inertial*  in  the  DOMESTIC  AIRSPACE. 

(AUTHOR)  (") 
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FLIGHT  INSPECTION.  VOLUME  I.  MD 

descriptive  note:  final  REPT.. 

JAN  65  119P  HALL»R0BERT  L.  IHATFIFLP* 

JOHN  f 

RLPT.  no*  R-483 

Contract:  fa64wA5139 

PROJ;  341  001  OlN 

monitor;  SRDS  » RO-65-9 

unclassified  report 

Supplementary  note; 

Descriptors;  (♦inertial  navigation*  instrumentation)* 
(♦position  finding*  feasibility  studies)*  detectors* 
aircraft^  flight  simulators*  instrument  landings  (U) 

identifiers;  tacan*  vor*  vortac  (u) 

feasibility  studies  were  made  of  utilizing  an 
airborne  inertial  navigation  system  (inertial 
locator  equipment)  to  Provide  aircraft  position 
information  to  the  faa  basic  flight  Inspection- 
system.  design  objectives  were  established  for 
the  flight  inspection  of  vor*  vortac*  and  tacan 
stations  and  instrument  landing  systems  (ILS). 
analyses  were  Made*  including  simulated  computer 
flights*  of  the  capabilities  of  inertial  equipment  to 
perform  in  the  flight  Inspection  missions. 

CONCLUSIONS*  based  ON  ASSUMED  INERTIAL  SYSTEM 

performance*  indicate  That  the  use  of  inertial 
locator  equipment  is  feasible*  using  updating 
techniques  some  missions,  recommendations  are 

MADE  FCR  A FLIGHT  DEMONSTRATION  PROGRAM,  (AUTHOR) 

(U) 
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DDC  report  bibliography  seapch  control  no.  Z0y07  ■! 

Ad-  617  528  j 

RAYTHEON  CO  SUDBURY  MASS  SPACE  AND  INFORMATION  SYSTEM'S  j 

DIV  , ! 

VEHICLE-FIXED  component  inertial  GUIDANCE  SYSTEM 
STUDY»  (U) 

DEC  64  114P  BR0XMEYER» CHARLES  »WISHNER» 

HOWARD  f 

CONTRACT*.  N60530-10010 
Task:  4O68  1 

Monitor;  navweps»nots  8668»tp-3715 


unclassified  report 

Supplementary  note;  also  available  as  rept.  no,  idep- 

347.00.00,00-X7-50 

descriptors:  (♦inertial  guidance#  numerical  methods  + t 

PROCEDURES)#  (♦inertial  NAVIGATION#  NUMERICAL  METHODS  + 

PROCEDURES)#  (♦data  PROCESSING#  INERTIaL  NAVIGATION)# 

GUIDED  MISSILE  COMPUTERS#  MATHEMATICAL  PROGRAMMING# 

VECTOR  ANALYSIS  (U) 

the  general  structure  of  a vehicle-fixed  COMPONENT 
INERTIAL  navigation  SYSTEM  IS  OUTLINED#  ThE 
PORTION  OF  THE  COMPUTATION  PROBLEM  PERTAINING  TO  THE 

COMPUTATION  OF  DIRECTION  COSINES  RELATING  TWO  ■ 

rotating  coordinate  frames  is  discussed#  and  the  ! 

DIFFERENTIAL  EQUATIONS  SATISFIED  BY  ThE  DIRECTION  | 

COSINES  IS  DERIVED.  A BRIEF  DESCRIPTION  IS  GIVEN  i 

OF  The  principal  problems  encountered  in  the  VEHICLE-  ^ 

FIXED  OPERATION  OF  COMPONENTS.  THREE  ALGORITHMS  j 

FOR  The  computation  of  direction  cosines  IN  The  1 

single-axis  case  are  derived.  The  direction  cosine  i 

differential  equation  is  solved  by  expansion  in  i 

SERIES  AND  THREE-AXIS  ALGORITHMS  DEFINED  / 

specialization  of  the  correct  solution,  the 
noncommutativity  problem  is  discussed  and  a method 
suggested  for  reducing  errors  resulting  from 
noncommutativity.  the  algorithms  applicable  to 

SINGLE-AXIS  motion  ARE  SPECIFIED  AND  COMBINED  WITH 

simple  assumptions  on  Vehicle  motion#  to  yield  sets 
OF  difference  equations,  the  difference  equations 

ARE  SOLVED  AND  THE  ERRORS  IN  THE  DIRECTION  COSINES 
plotted  against  functions  PROPORTIONAL  TO  TIME. 
the  requirements  of  special-purpose  computers 
i designed  to  implement  The  three-axis  algorithms  arf 

outlined  and  the  general  organization#  AND  THE 
parameters#  of  SEVERAL  COMPUTERS#  IS  GIVEN. 

(AUTHOR)  (U) 
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AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFR  OHIO  SCHOOL  OF 

engineering 

AN  investigation  OF  OPTIMIZATION  TECHNIQUES 
APPLICABLE  TO  A N0N-LINEAR»  VELOClTY-pAMPED  INERTIAL 

navigator.  (") 

DESCRIPTIVE  note:  MASTERS*  THESIS. 

Jl»N  65  130P  KALISH.JOHN  LOUIS  JSWIFT, 

CHARLES  FRANKLIN  ,JR.J 
REPT.  NO.  GGC/EF/65-8 

UNCLASSIFIED  REPORT 

supplei^entary  note; 

descriptors;  (♦optimization,  inertial  navigation) . 
(♦INERTIAL  navigation.  INSTRUMENTATION).  DAMPING. 
nonlinear  systems,  adaptive  control  systems,  computer (U) 
identifiers;  IBM  7094  COMPUTERS  (U» 

TWO  adaptive  control  TECHNIQUES  ARE  USED  TO  DAMP  A 
SECOND-ORDER  VELOC ITY-DaMPED  INERTIAL  NAVIGATOR. 

The  first  technique  uses  the  square  of  the  velocity 
ERROR  TO  vary  The  damping  and  the  second  technique 
USES  THE  crosscoupling  EFFECTS  OF  THE  EARTH-LEVEL 
platform,  an  analog  simulation  is  made  to  test  THE 
feasibility  of  the  approaches  Taken  and  to  find 
representative  non-linearities  and  damping  parameters 
IN  the  adaptive  loops.  The  system  is  then  ‘FLOWN* 

ON  THE  IBM  7094  COMPUTER,  AN  ACTUAL  UNDAMPED 

inertial  navigation  system  sensor  package.  USING 
strapped  down  sensors,  had  been  previously  flight- 
tested  AND  the  sensor  OUTPUTS  WERE  STORED  ON  MAGNETIC 
TAPE.  The  IBM  7094  COMPUTER  IS  PROGRAMMED  TO 
ACCEPT  this  sensor  INFORMATION  ALONG  WITH  THE 
adaptive  LOOP  damping  information  WHICH  ALLOWS  THF 
system  to  re  TESTED  UNDER  REALISTIC  FLIGHT 
CONDITIONS,  direct  COMPARISONS  BETWEEN  THE  SYSTEMS 
can  then  BF  made,  a comparison  of  the  UNDAMPED. 

ADAPTIVE  IDAMPEO.  AND  CONSTANT  DAMPED  POSITION  ERROR 
CURVES  SHOWS  THAT  THE  ADAPTIVE  DAMPING  IMPROVES  THF 
r-OSlTlC  , uncertainty  by  approximately  70  PERCENT  OVER 
the  ikDamPED  SYSTEM  AND  BY  APPROXIMATELY  35  PERCENT 
CvER  '*^c  BEST  CONSTANT  DAMPED  SYSTEM.  (AUTHOR) 

(U) 
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descriptive  mote:  PHASE  1. 

. MAR  65  136P 

I REPT.  NO*  R-484 

t contract:  FA64WA  5127 

' PROJ:  116  IIN 

monitor;  SRPS  » RD-65-36 

unclassified  report 

Supplementary  noTe: 

Descriptors;  (♦inertial  navigation,  civil  aviation). 

(♦CIVIL  AVIATION.  AIR  TRANSPORTATION).  SYSTEMS 
ENGINFERING.  performance (ENGINEERING) » FLIGHT 
instruments.  AVIATION  SAFETY.  aIR  TRAFFIC  CONTROL 
SYSTEMS*  transport  AIRCRAFT.  InERTIAL  GUIDANCE  (U) 

THE  application  OF  INERTIAL  NAVIGATION  AND  GUIDANCE 
SYSTFMS  to  CIVIL  AIR  TRANSPORT  OPERATIONS  FROM  THE 

systems  engineering  viewpoint  is  developed,  the 
concfpt  of  an  operational  system  for  navigation  and 
GUIDANCE  IS  introduced  TO  FACILITATE  CONSIDERATION  OF 
THE  relationships  WHICH  WILL  EXIST  BETWEEN  THE 
INERTIAL  system  AND  THE  OPERATING  FUNCTIONS  NECESSARY 
FOR  ThE  conduct  OF  A FLIGHT.  INERTIAL  SYSTEM 

configurations  satisfying  the  requirements  implied  by 

THESE  RELATIONSHIPS  ARE  PRESENTED.  THE  GENERAL 

requirements  for  input  data  panels  and  system  output 
displays  for  all  flight  phases  are  discussed, 
several  basic  Navigation  system  mechanizations  arf 
analyzed  and  the  general  characteristics  of  a 
recommended  configuration  for  an  integrated 
navigation  AMD  GUIDANCE  SYSTEM  DESCRIBED.  THE 
REPOR'^  A'.  SC  INCLvOES  AN  ESTIMATE  OF  ThE  SYSTFM 
PERrGpMAiYC^  REOUIRED  FOr  THE  VARIOUS  FLIGHT  PH->5FS. 
(AJT^OR)  'lU 
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AO-  619  972 

AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFP  OHIO  SCHOOL  OF 
engineering 

AN  investigation  OF  NOISE  AND  BIAS  EFFECTS  ON 
DOPPLER-INERTIAL  NAVIGATION  SYSTEM  ACCURACY.  (1,1) 

descriptive  note:  master’s  THESIS. 

JUN  65  136P  SNEAD.JACK  CARSON  » 

REPT.  no*  GGC/EE/65-13 

unclassified  report 
Supplementary  note: 

descriptors;  (♦DOPPLEP  navigation.  ERRORS),  (♦inertial 
navigation.  ERRORS).  SIGnAL-TO-NOISE  RATIO.  FEEDBACK. 
interference.  SIMULATION.  DIGITAL  COMPUTERS  (U) 

AN  ANALYTICAL  INVESTIGATION  IS  PERFORMED  TO 
determine  AND  COMPARE  THE  PERFORMANCES  OF  FOUR 
SECOND-ORDER  AND  THIRD-ORDER  DOPPLER-INERTIAL 
navigation  system  configurations  when  subjected  TO 
SENSOR  ERRORS.  THIS  IS  DONE  BY  DETERMINING  THE 
STEADY-STATE  RMS  VELOCITY  OUTPUT  ERROR  DUE  TO  NOISE 
AND  BIAS  INPUTS  FOR  THE  GYRO  AND  DOPPLER  RADAR  AND 

by  determining  the  characteristics  of  the  transient 
error  in  velocity  due  to  step  inputs  OF 
accelerometer,  gyro,  and  doppler  bias, 
simulation  of  The  system  error  models  in  f?;LOCK 
diagram  form  iS  accomplished  by  MIDAS  PROGRAMMING 
of  a DIGITAL  computer.  THE  NOlSE  ANALYSIS 
simulation  is  based  on  the  assumption  that  the  random 

PROCESS  is  ERGODIC  AND  REPRESENTABLE  BY  AN 
exponential  AUTOCORRELATION  FUNCTION.  THE  RESULTS 

indicate  that  system  performance  is  highly  dependent 
UPON  the  manner  of  utilizing  the  mixed  doppler- 
inertial  velocity  information  in  feedback  loops  and 

UPON  THE  DYNAMIC  RESPONSE  CHARACTERISTICS  REQUIRED  OF 
THE  SYSTEM.  MIOAS  DIGITAL  SIMULATION  WAS  FOUND  TO 
BE  A USEFUL  ANALYTICAL  TOOL  FOR  STUDIES  OF  THIS 
NATURE.  (AUTHOR)  (U) 
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foreign  technology  div  wright-patterson  APR  Ohio 


application  of  the  invariance  Theory  to  the  synthesis 
OF  inertial  navigational  systems.  (tl) 


JUN 
REPT.  NO. 
MONITOR; 


66  17P  SMENKOVSKII.E. 

FTD-TT-65-1860. 

TT  66-62360 

UNCLASSIFIED  REPORT 


6. 


SUPPLE^'ENTARY  note:  unedited  rough  draft  TRANS,  OF  MONO. 
OF  TEORIYA  INVARIANTNOSTI  V SISTEMAKH 
AVTOMATICHESKOGO  UPRAVLENIYA.  MOSCOW.  1964  P449-56 
(PUBLISHED  AS  VSESOYUZNAYD  SOVESHCHANI YA 
SOSTOYaVSHEGOSYA  (NO,  2)  KIEV,  29  MAY-1  JUN  62, 

TRUDY.  MOSCOW.  1964.  P449-56), 


descriptors:  (♦inertial  navigation,  instrumentation), 
synthesis,  invariance.  Theory,  ussr  (u) 

translation  of  RUSSIAN  RESEARCH.’  APPLICATION  OF  THE 
invariance  theory  to  the  SYNTHESIS  OF  INERTIAL  NAVIGATIONAL 

systems. 
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PAN  AMERICAN  world  AIRWAYS  INC  NEW  YORK 

evaluation  OF  INERTIAL  NAVIGATION  SYSTEM  IN  CIVIL  AIR 
TRANSPORT  OPERATIONS.  VOLUME  HI.  OPERATIONAL 

evaluation.  fU) 

DESCRIPTIVE  note:  FINAL  REPT., 

JUN  66  119P  REYNOLDS. P.  R.  J.  JELDRED.M.  W. 

; N'OSS . W • W . t 
Contract:  fa  64wa-5192» 

PROJ:  350-ini-0lN» 

MONITOR;  SRPS  RD-66-30-VOL-3 

unclassified  report 

Supplementary  note: 

Descriptors;  (wInertial  navigation,  ♦jet  transport 
PLANES)*  {*CIVIL  aviation.  OPERATIONS  RESEARCH).  TESTS. 
NAVIGATION  COMPUTERS.  INSTRUMENTATION  (U) 

aircraft  installation  OF  AN  LN-12  INERTIAL 
NAVIGATION  SYSTEM  IS  DESCRIBED.  INFLIGHT  UATA- 

collection  methods  are  described,  ground  support 

EXPERIENCE  IS  ITEMIZED*  OBSERVED  ERROR  DATA  ARE 
plotted.  (AUTHOR)  (U) 
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OENUIX  CORP  TETERBORO  N J ECLIPSE-PIOnEER  OIV 

evaluation  of  inertial  navigation  system  in  civil  AIR 

TRANSPORT  OPERATIONS.  VOLUME  II . BANC-461  STEERING 
COMPUTER  performance.  UU 

DESCRIPTIVE  mote:  FINAL  REPT.r 

JUN  66  142P  WALC0TT»H.  R.  »KILMARTIN» JOHN 

( 

REPT.  NO.  PUB-7311-66-17R, 
contract:  FA64WA-5208. 

PROj:  fA-350-101-02N» 
monitor:  SRDS  RD-66-30-VOL-2 

unclassified  report 

Supplementary  note:  see  also  ad-640  60i. 

descrif’TOrs:  (♦inertial  navigation,  instrumentation), 
(♦commercial  planes,  inertial  navigation),  (♦navigation 
computers,  steering),  automatic  pilots,  transport 
aircraft,  performance (ENGINEERING)  (U) 

THE  report  summarizes  The  work  performed  to 
evaluate  the  first  autopilot  coupled  inertial 
navigation  system  installed  in  a commercial  jet 
aircraft  engaged  in  regular  scheduled  Passenger 
operations,  contractual  provisions  are  listed  and 
reviewed,  modifications  to  the  bendix  an/asn- 
46  navigational  COMPUTER  USED  IN  THIS  PROGRAM  ARE 
recorded.  PREFLIGHT  TEST  PROGRAMS  ARE  DESCRIBED. 
data  taken  DURING  185  FLIGHT  LEGS  OF  43  FLIGHTS  IS 
analyzed  for  banc-461  STEERING  COMPUTER 
performance,  calculations  are  made  of  Cross-track 
and  along-track  errors  with  respect  to  both  the 
original  flight  plan  and  the  actual  coordinates  used 
IN  setting  up  The  flight  legs,  predicted  errors 
FROM  an  earlier  REPORT  (RD-65-126  DATED  AUGUST 
31.  1965)  ARE  compared  WITH  FLIGHT  RESULTS. 

(AUTHOR)  ((') 
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royal  aircraft  establishment  FARNBOROIJGH  (ENGLAND) 

the  long  period  errors  of  DOPPLER  AND  INERTIAL 
i navigation  systems.  (!') 

I descriptive  note:  technical  rept.. 

j MAR  66  27P  SMITH»S.  G.  »ThOMA5»I.  L.  » 

I REPT.  NO.  TR-66084 

unclassified  report 

f descriptors:  (♦dopplep  navigation,  errors).  (*inertial 

! navigation.  ERRORS).  GREaT  BRITAIN.  EQUATIONS  (U) 


DEAD  reckoning  NAVIGATION  SYSTEMS  MAKING  USE  OF 
GYROS  have  TO  TAKE  ACCOUNT  OF  THE  EARTHS  ROTATION  AMD 
THE  vehicles  MOTION  ROUND  THE  EARTH  SINCE  THESE 
ROTATIONS  WILL  BE  SENSED  BY  ThE  GYROS.  IN  GENERAL 
the  gyro  CORRECTION  TERMS  ARE  FUNCTIONS  OF  LATITUDE 

AND  Therefore  the  system  generates  a feedback  loop 

WITHIN  ITSELF  SINCE  THE  FINAL  OUTPUT  (LATITUDE) 

IS  used  to  correct  THE  MECHANISM  WHICH  IS  PRODUCING 
this  output.  bY  good  fortune  THE  SENSE  OF  THIS 
feedback  in  most  CASES  IS  SUCH  THAT  THE  ERRORS  ARE 
oscillatory  RaThER  than  divergent,  the  PERIOD  OF 
OSCILLATION  IS  24  HOURS  FOR  A STATIONARY  I.N. 

system  but  in  General  this  is  modified  by  the  e-w 
component  OF  vehicle  velocity,  the  effects  are 

SHOWN  TO  HAVE  LITTLE  SIGNIFICANCE  IN  DOPPLER 
systems  but  are  helpful  in  some  cases  OF  LONG  FLIGHTS 
'>  4 HOURS)  with  inertial  SYSTEMS.  (AUTHOR)  (ui 


I 


14 

unclassified 


Unclassified 


DDC  report  BIRLIOGRAPHY  SEARCH  CONTROL  NO.  ZOMOT 

ad-  646  297  17/7  22/2  22/3 

ROYAI  AIRCRAFT  ESTABLISHMENT  FARMBOROijGH  (ENGLAND) 

assessment  of  The  performance  of  the  eldo  first 
program  attitude  reference  unit  in  an  inertial 

ROLE,  < 

descriptive  note:  technical  REPT.r 

OCT  66  53P  ALBERY»D.  W,  » 

REPT.  mo.  TP-66314 

unclassified  report 


descriptors:  (♦inertial  navigation,  instrumentation), 
(♦inertial  guidance,  inertial  navigation), 

ACCELEROMETERS.  GYROSCOPES.  LAUNCH  VEHICLES.  ERRORS. 

orbits,  mathematical  models  ( 

Identifiers;  eldo  ( 

THE  REPORT  PRESENTS  NUMERICAL  RESULTS  FOR  VELOCITY 
AND  POSITION  errors  ACCRUED  BY  AN  IMPERFECT  INERTIAL 
navigator,  when  the  gyroscopes  AND  ACCELEROMETERS 
COMPRISING  THE  INSTRUMENT  ARE  SUBJECTED  TO  THE 
acceleration  HISTORY  EXPECTED  FROM  A LAUNCH 

trajectory  of  The  eldo-a  satellite  lauch 
vehicle,  the  inertial  Navigator  under 
consideration  consists  of  The  eldo  first  program 
attitude  reference  unit  modified  for  an 
inertial  role  by  the  addition  of  three  ACCELEROMETPRS 
and  associated  electronic  circuits.  The  sources  of 
error  considered  are  discussed  briefly,  results  are 
presented  for  Three  trajectories  of  importance*  a 

MEDIUM  altitude  (550  KM)  CIRCLE.  A MEDIUM 
altitude  (700  KM)  circle  with  two  levels  of 
THRUST  IN  the  THIRD  STAGE.  AND  A LOW  ALTITUDE  (200 
KM)  CIRCLE  with  PARKIN©  PERIODS.  METHODS  OF 
reducing  THE  ERRORS  ARE  DISCUSSED.  NO  ACCOUNT  IS 
TAKEN  OF  THE  EFFECT  OF  INSTRUMENT  ERRORS  OM  ThE 

closed  guidance  loop.  Or  of  The  vibration  environment 
TO  BE  met  with  during  FLIGHT.  THE  DYNAMIC  RESPONSE 
of  The  hardware  (capture  AMPLIFIERS.  GIMBAL  SERVOS 
ETC)  IS  ALSO  neglected.  (AUTHOR)  < 
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REDSTONE  SCIENTIFIC  INFORMATION  CENTER  REDSTONE  ARSENAL 
ALA  TRANSLATION  BRANCH 


ON  THE  calculation  OF  An  INERTIAL  NAVIGATION  SYSTEM. 

fU) 


DEC  66  17P  VOVCHENKO, N.  YA.  I 

REPT.  no*  RSIC-621 

monitor;  tt  67-60987 

unclassified  report 

Supplementary  note;  trans.  of  unidentified  mono., 

MOSCOW,  1965  P76-05. 

descriptors:  (wINERTIAL  navigation,  stabilized 

PLATFORMS),  ACCELERATION,  INSTRUMENTATION,  EQUATIONS, 
GYRO  stabilizers,  USSR  (U) 

THE  article  presents  A REFINEMENT  OF  PREVIOUSLY 
DERIVED  DYNAMICS  EQUATIONS  FOR  THE  CALCULATION  OF  A 
GEOMETRICAL  INERTIAL  NAVIGATION  SYSTEM.  THE 
OPERATION  OF  THE  SYSTEM  DURING  THE  MOTION  OF  AN 
OBJECT  IN  A GREAT  CIRCLE  RELATIVE  TO  THE  EARTH  IS 
CONSIDERED.  AN  ESTIMATE  IS  MADE  OF  THE 
methodological  ERRORS  DUE  TO  TRANSLATIONAL  AND 
CORIOLIS  accelerations.  (AUTHOR)  (U) 
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IBM  FEDERAL  SYSTEMS  PIV  OWFGO  N Y ELECTRONICS  SYSTFH*" 
CENTER 

SYNERGISTIC  NAVIGATION  SYSTEM  STUDY.  <'l) 

descriptive  note*.  final  REPT.  ON  PHASE  1» 

OCT  66  113P  KLEMENTIS»KENNETH  A.  J 

STANniSHrCHARLES  J.  » 

REPT.  NO.  IPM-6T-928-7 

Contract:  noooi4-66-c-o192 

unclassified  report 


DESCRIPTORS;  (♦DOPPLER  NAVIGATION.  NAVIGATION 
COMPUTERS),  (♦inertial  NAVIGATION.  NAVIGATION 
COMPUTERS),  (♦navigation  COMPUTERS.  OPTIMIZATION).  PATa 
PROCESSING.  COSTS.  EFFECTIVENESS.  COMPUTER  PROGRAMS. 

DATA  STORAGE  SYSTEMS#  DETECTORS#  ERRORS#  POSITION 
FINDING#  NOISE#  ELECTROMAGNETIC  WAVE  FILTERS#  CIRCUTT(U) 

Identifiers:  kalman  filters  od 

PHASE  I OF  the  synergistic  NAVIGATION 
SYSTEMS  STUDY  IS  A COMPARISON  ANALYSIS  OF  THF 

cost/effectiveness  of  Various  optimal  filtering 
techniques  for  a DOPPLER-INERTIAL  navigation  system 
with  position-fixing.  The  costs  are  assessed  in 
terms  of  program,  execution  time  and  storage 
requirements  imposed  on  The  navigation  computer. 

THE  effectiveness  IS  ASSESSED  IN  TERMS  OF 
improvements  in  navigation  accuracy#  erection  and 
alignment  times,  etc.  The  study  demonstrated  that 

AN  OPTIMAL  KALMaN  FILTER.  EMPLOYING  VELOCITY  AND 
POSITION-FIX  information.  IMPROVES  NAVIGATION 
accuracy  over  The  accuracy  of  a conventional 
doppleR-inertial  position-fix  reset  technique. 

These  memory  and  processing-raTe  requirements  cam 
BE  brought  within  THE  ACCEPTABLE  IMPLEMENTATION  , 
limits  on  an  airborne  digital  computer,  prfstorep 

APPROXIMATIONS  TO  THE  OPTIMAL  FILTER  GAINS  SHOULD 
YIELD  navigation  ACCURACY  ONLY  SLIGHTLY  DEGRADED  FRO^* 

The  optimal  filter  accuracy,  put  with  far  fewer 

PROGRAM  STORAGF  REQUIREMENTS.  HOWEVER.  THE 
PRESTORED  GAIN  SUBOPTIMaL  FILTER  IS  LPSS  ELEXIPLE 
THAN  THE  OPTIMAL  FILTER.  THE  ACCURACY  OF  THE 
PRESTORED  GAIN  SUBOPTIMaL  FILTER  COULD  BE  DEGRADED  IF 
THE  actual  mission  DIFFERS  SUBSTANTIALLY  FROM  THE 
MISSION  FOP  WHICH  THE  GAINS  WERE  PRECOMPUTFD. 

(AUTHOR)  Ui) 
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LITTON  SYSTEMS  INC  WOODLAND  HILLS  CALiF  GijIDANCE  AMD 
CONTROL  SYSTEMS  DIV 

evaluation  OF  inertial  NAVIGATION  SYSTEM  IN  CIVIL  AIR 
TRANSPORT  OPERATIONS.  VOLUME  I.  LN-12.  INERTlAl- 
NAVIGaTION  system,  book  I.  DISCUSSION  And 
ANALYSIS.  (U) 

Descriptive  note:  final  rept., 

JUN  66  173P  holm .ROBERT  J.  » 

REPT.  mo.  A022016E66 
CONTRACT*.  FA-65-WA-1112 
MONITOR;  FAA  RD-66-30-1 

unclassified  REPORT 


descriptors;  i+inertial  navigation,  ♦civil  aviation). 

(♦TRA^•SPORT  aircraft.  INERTIAL  NAVIGATION). 
instrumentation,  performance (ENGINEERING) . RELIABILITY. 
maintenance,  steering  (U) 

Identifiers;  evaluation  ud 

A LITTON  LM-12  INERTIAL  NAVIGATION 
SYSTEM,  with  A BENDIX  CORPORATION  INERTIAL 
navigation  steering  COMPUTER.  WAS  FLOWN  IN  A 
pan  AMERICAN  WORLD  AIRWAYS  DC-8  AIRCRAFT 
FOR  55  scheduled  TRANSATLANTIC  CROSSINGS  A^'D  32  OTHER 
SHORT  FLIGHTS.  DOMESTIC  AND  FOREIGN.  PERFORMANCE 
data  were  collected  on  inertial  ACCURACY.  STEERING 
BEHAVIOR,  track  HOLDING.  MAINTENANCE.  RELIABILITY. 
IN-FLIGHT  operation,  position  CHECKS  AMD  AZIMUTh 
DRIFT.  EIGHTY  PERCENT  OF  THE  FLIGHTS  EXHIBITED 
terminal  errors  of  10  miles  or  LESS  IN  either 
latitude  or  longitude  coordinates,  the  LN-12 
inertial  system  operated  424  HOURS  IN  THE  NAVIGATION 
MODE.  DURING  233  HOURS  OF  WHICH  THE  AIRCRAFT  WAS 
GUIDED  BY  AUTOPILOT  CONTROLLED  BY  INERTIAL  STEERING 

commands,  two  Transatlantic  flights  are  examined 
IN  detail  for  DOPPLER  COMPARISON  IN  CROSS  TRACK  MILES 
TO  GO.  GROUND  SPEED.  AND  DRIFT  ANGLE.  THESE 
FLIGHTS  ARE  ALSO  ANALYZED  FOR  COMPARISON  WITH 
aircraft  COMPASS  HEADING.  MEASURED  TRACK.  DRIFT 
angle,  miles  to  go.  track  HEADING.  AND  WAYPOINT 
MISSES,  reliability  AND  MAINTENANCE  FACTORS  WERE 
NOT  significant  DURING  CONDUCT  OF  THE  PROGRAM. 

PRIOR  TO  commencement  OF  THE  DATA  FLIGHTS.  TWO 

demonstration  Flights  of  dual  ln-i2  inertial 
systems  were  performed.  (AUTHOR)  (U) 
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LITTON  systems  INC  WOOOLAND  HILLS  CALiF  GUIDANCE  AMD 

control  systems  div  I 

EVALUATION  OF  INERTIAL  NAVIGATION  SYSTEM  IN  CIVIL  AIP 
TRANSPORT  OPERATIONS.  VOLUME  I.  LN-12;  INERTIAL 

navigation  system,  book  II.  data  sheets.  (U) 

PESCRIPTIVE  note:  final  rept., 

JIIN  66  328P  HOLM»RoBERT  J.  » 

Rept.  no*  aq22016E66 
Contract:  fa-65-wa-iii2 
monitor:  faa-rd  66-30-1 

unclassified  report 

supplementary  note:  see  also  ad-649  127*  A')-641  ' 

282.  I ' 

descriptors:  (♦inertial  navigation*  instrumentation). 

(♦commercial  planes*  inertial  NAVIGATION),  ( ♦NAVIGATIOf | 
computers*  transport  AIRCRAFT),  JET  AIRCRAFT,  DATA, 

POSITION  FIMDIN<5*  ERRORS  (ii) 

BOOK  1 1 presents  THE  FLIGHT  daTA  SHEETS  AiiO  IN- 
FLIGHT POSITION  error  Plots  collected  by  pan 

AMERICAN  WORLD  AIRWAYS*  (AUTHOR)  (U) 
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UENDIX  CORP  TEETERRORO  N J FLTGHT  CONTROL  I AR 

COMMERCIAL  INERTIAL  NAVIGATION  SYSTEM  PREDICTEP 
ACCURACY  OF  THE  BANC-461/LN-12  INERTIaL  NAVIGATION 
SYSTEM  WHEN  INSTALLED  IN  A OC-8  AIRCRAFT.  fU) 

descriptive  note:  interim  rept. 

AUG  65  73p 

REPT.  NO.  7311-66-2R 
contract:  FA-64-WA-5208 
PROJ:  FAA-350-101-02N 

monitor;  faa-rd  65-126 

unclassified  report 


descriptors;  (*INERTIAL  navigation,  ♦commercial  PLANE‘S)  . 
errors,  airborne,  accuracy.  INSTRUMENTATlOrj.  NAVIGATION 
computers,  position  finOing.  mathematical  prediction. 

AUTOMATIC  PILOTS.  AUTOMATIC  PILOTS.  MATHEMATICAL  MODELS. 
numerical  ANALYSIS.  PERFORMANCE (ENGINEERING) . JET 

transport  planes  (M) 

identifiers;  dc-b  aircraft  (m) 

THE  REPORT  PRESENTS  ThE  RESULTS  OF  AN  ERROR 
analysis  STUDY  (USING  A MATHEMATICAL  MODEL)  OF 
THE  PANC  461/LN-12  INERTIAL  NAVIGATION 
SYSTEM  installed  IN  A DC-8  AIRCRAFT.  THIS 
STUDY  WAS  undertaken  TO  DESCRIBE  THE  THEORETICAL 
performance  of  the  FIRST  AUTOMATIC  AUTOPILOT  COUPLED 
INERTIAL  navigation  SYSTEM  INSTALLED  IN  A COMMERCIAL 
jet  aircraft  engaged  IN  regular  passenger  SERVICE. 
SPECIFICATIONS  FOR  SUBSYSTEM  ERROR  WERE  FURNISHED 

by  The  manufacturers;  benoix  corporation  and 
LITTON  systems*  INC.  THE  DC-a  AIRFRAME/ 

AUTOPILOT  RESPONSE  WAS  APPROXIMATED  BY  THE  TURN 

coordination  dynamics,  tracking  performance  was 
predicted  using  the  mathematical  MODEL  AND  NUMERICAL 

ANALYSIS  techniques.  CURVES  OF  CROSS-TRACK  AND 
ALONG  track  PREDICTED  ERRORS  ARE  GIVEN  FOR  A TYPICAL 
ATLANTIC  CROSSING  LEG.  (") 
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JOHNS  HOPKINS  UnIV  SILVER  SPRING  MD  APPLILH  PHYSICS 
LAB 

INERTIAL  navigation  SYSTEM  DYNAMICS*  ( 

OCT  58  23P  MUNRO.G.  C.  > 

REPT.  no.  CF-2759 
Contract:  nord-7306 

unclassified  report 


descriptors;  (*INERTIAL  navigation*  INSTRUi’FNTaTION) * 
dynamics*  oscillation*  Mathematical  analysis* 
perturbation  theory*  FARTH(PLANET)  ( 

the  PERTURPATIOn  equations*  which  describe  the 

BEHAVIOR  OF  AN  IDEAL  INERTIAL  NAVIGATION  SYSTEM 
RESULTING  FROM  SMALL  DEPARTURES  FROM  THE  EQUILIBRIUM 
POSITION*  ARE  derived  EOR  ALL  COMBINATIONS  OF  THE 
SIMPLEST  POSSIBLE  ASSUMPTIONS  CONCERNING  BOTH  THE 
INERTIAL  navigation  SYSTEM  AND  THE  FIGURE  OF  THE 
earth*  including  at  least  one  case  of  PRACTICAL 

importance,  a feature  Common  to  all  cases  is  found 
TO  BE  The  existence  of  an  oscillation  with  a period 
OF  twenty-four  hours,  it  is  also  shown  that*  under 

CERTAIN  SETS  OF  ASSUMPTIONS*  THE  OSCILLATION  WITH 
TWENTY-FOUP  HOUR  PERIOD  MAY  EXIST  WHEN  THE  ERRORS  ARP 
NOT  ^IECESSARILY  SMALL.  (AUTHOR)  ( 
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ERROR  OSCILLATIONS  IN  INERTIAL  NAVIGATION 

systems. 

Descriptive  note:  technical  rept.. 
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REPT.  ^'0.  RAE-TR-67053 

unclassified  report 


descriptors:  (♦inertial  navigation!  instrumentation). 

great  BRITAIN.  ERRORS.  OSCILLATION.  EQUATIONS 

inertial  navigation  SYSTEM  ERRORS  ARE  ANALYSED  IN 
MORE  detail  than  IS  FOUND  IN  THE  READILY  AVAILABLE 
literature,  particularly  IN  RESPECT  OF  THE  LONG 
PERIOD  ERRORS.  THE  EXISTENCE  iS  SHOWN  OF 

oscillatory  errors  of  Three  different  periods:  84 
MINUTES,  a nominal  24  HOURS  AND  A LESS  IMPORTANT 
FOUCAULT  PERIOD.  THE  BASIC  EQUATIONS  ARE 
ESSENTIALLY  NON-LINEAR  AND  THIS  LIMITS  THE  SCOPE  OF 

the  analytical  approach,  it  is  hoped  to  attempt  a 

MORE  complete  COMPUTER  SIMULATION  OF  THE  PROBLEM 
LATER.  (AUTHOR) 
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FOREIGN  TECHNOLOGY  DIV  WRIGHT-PATTERSON  AFP  OHIO 

I 

BASIS  OF  INERTIAL  NAVIGATION.  Hi)  1 

MAY  67  159P  YAKUSHENKOV . A . A.  j 

REPT.  NO.  FTD-MT-65-189 
MONITOR;  TT  67-62509 

UNCLASSIFIFD  REPORT 

Supplementary  note;  edited  machine  trans.  jf  mono. 

OSNOVY  INERTSIALNOI  NAVIGATSII.  MOSCOW,  196!^ 
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DESCRIPTORS;  (♦inertial  NAVIGATION,  TEXTBOOKS),  THEORY,  ' 

GYROSCOPES,  kinematics,  INSTRUMENTATION,  ST ABILIZATTO^'  ; 

systems*  accelerometers*  INTEGRATORS,  AUTOMATIC  PILOTS,  t 

SHIPS,  USSR  fU) 

THE  WORK  expounds  THE  BASES  OF  THE  THEORY  OF 
INERTIAL  systems  DESIGNED  FOR  NAVAL  NAVIGATION*  THE 
PRINCIPLE  OF  ACTION  OF  THEIR  COMPONENT  ELEMENTS  AND 
QUESTIONS  OF  LONG-TERM  DEVELOPMENT  OF  INERTIAL 

navigation  for  the  naval  fleet,  as  the  basis  of  j 

The  book  there  are  the  somewhat  expanded  and 
consideration  IS  GIVEN  TO  THE  KINEMATICS  OF  SYSTEMS 

OF  INERTIAL  navigation*  ORIENTED  IN  CERTAIN  j 

coordinate  systems*  which  ARE  OF  INTEREST  FOR  THE  j 

NAVAL  fleet,  COMPOSED  OF  BLOCK  DIAGRAMS  OF  INERTIAL  1 

reference-points  in  these  coordinate  SYSTEMS)  ALSO  I 

considered  are  certain  specific  errors  of  naval 

inertial  systems,  and  Principles  are  presented  of  j 

automatic  pilotage  using  inertial  systems.  (U)  I 
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descriptors:  (♦inertial  navigation,  equations  of 
MOTION),  accelerometers,  STABILIZED  PLATFORMS, 
differential  equations,  errors,  analysis,  theory  (U) 

TWO  methods  of  schuler-tuning  an  inertial 
navigation  system  for  motion  on  a spherical  earth 

WERE  PARTIALLY  INVESTIGATED  UNDER  THE  ASSUMPTION  OF 
PERFECT  components.  IN  EACH  METHOD,  DIFFERENTIAL 
equations  were  DERIVED  THAT  DESCRIBE  THE  ORIENTATION 
OF  THE  system  AS  A FUNCTION  OF  TIME  RELATIVE  TO  A 
PARTICULAR  COORDINATE  SYSTEM.  IN  EACH  CASE,  ThE 
PARTICULAR  COORDINATE  SYSTEM  REPRESENTED  THE  DESIRED 
ORIENTATION  OF  THE  SYSTEM.  FOR  EACH  METHOD,  THF 
DIFFERENTIAL  EQUATIONS  WERE  STUDIED  FOR  THE  SPECIAL 
CASE  OF  motion  THAT  CANCELS  ThE  EARTH'S  ROTATION 
(I.E.,  the  system  remains  STATIONARY  WITH  RESPECT 
TO  inertial  SPACE)!  AND  SOLUTIONS  WERE  FOUND 
insofar  as  was  possible  WITHOUT  RECOURSE  TO  NUMERICAL 

methods,  as  was  expected,  both  methods  lead  to 
systems  that  are  inherently  unstable,  system  0 
seems  to  be  superior  to  system  a in  That  it  is 

SUBJECT  TO  fewer  UNSTABLE  MODES  OF  MOTION  UNDER  THF 
CONDITIONS  studied.  VARIATIONS  IN  ALTITUDE  ABOVE 
THE  earth  and  The  ELLIPTICITY  OF  THE  EARTH  WERE 
NEGLECTED  TO  PERMIT  SOME  SOLUTIONS  TO  THE 
differential  equations.  (AUTHOR)  'O 
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descriptors;  (♦invariance,  theory),  (♦inertial 

NAVIGATION.  INVARIANCE) » CONTROL  SYSTEMS,  AUTOMATIC. 
SATELLITES(ARTIFICIAL) . ORBITS.  GYRO  STABILIZERS. 

USSR  O') 

THE  article  reviews  ThE  BASIC  CONCEPTS  OF  THE 
THEORY  OF  INVARIANCE  AS  PERTAINS  TO  AUTOMATIC  CONTROL 
SYSTEMS.  THAT  IS.  SYSTEMS  IN  WHICH  PERTURBATIONS 
IMPINGING  ON  the  SYSTEM  ARE  AUTOMATICALLY  COMPENSATED 
FOR.  THE  BASIC  IDEAS  ARE  ILLUSTRATED  USING  THE 
CASE  OF  A PENDULUM.  BOTh  NEGLECTING  AND  CONSIDERING 

the  curvature  Of  the  earth.  This  example  is  then 

applied  TO  THE  PROBLEM  OF  INErTIAL  NAVIGATION  OF  A 

satellite,  the  object  in  the  figure  is  assumed  TO 

BE  TRAVELING  ALONG  A GREAT  CIRCLE  OF  THE  EARTH, 

FROM  THE  POINT  OF  VIEW  OF  THE  THEORY  OF  INVARIANCE. 

THE  compensating  FORCE  IS  SHOWN  TO  BE  M(T). 

various  applications  of  the  solution  of  the 

GYROSCOPIC  control  PROBLEM  TO  ORBITING  OBJECTS  ARE 
then  PRESENTED.  (AUTHOR)  <u) 
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descriptors;  (♦space  navigation#  ♦INERTIAL  NAVIGATION), 
ACCELEROMETERS,  ERRORS,  DAMPING,  DOPPLER  SYSTEMS, 

computers,  transcendental  functions, 
matriceS(mathematics) , Gravity,  trajectories, 
stabilization  SYSTEMS,  STAR  TRACKERS,  DESIGN  (U) 

identifiers;  hybrid  navigation  (U) 

THE  mechanization  OF  A GIMBALLESS  INERTIAL  SYSTEM 
FOR  SPACE  navigation  IS  CONSIDERED.  AN  ERROR 
ANALYSIS  REVEALS  THAT  ThE  ERRORS  CONTAIN  DOTH 
SINUSOIDAL  AND  DIVERGING  COMPONENTS.  ERROR  DAMPING 
methods  ARE  PROPOSED  AND  IT  IS  SHOWN  THAT  DAMPING  CAN 
BE  achieved  by  USING  APPROPRIATE  DAMPING  CIRCUITS  AND 
auxiliary  information  Obtained  from  devices  such  as 
stellar  trackers,  velocity-measuring  optical 

DOPPLER#  OR  radar  OOPPLER.  COmPUTER-STORED 
reference-trajectory  information  can  ALSO  BE  USED  FOR 
ERROR  DAMPING.  (AUTHOR)  (U) 
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Descriptors;  (*geodesics»  ♦graphics) » (♦tpajectorips. 

NOMOGRAPHS).  (♦INERTIAL  NAVIGATION.  TRAJECTORIES). 
SURFACES.  SPACE  NAVIGATION.  CATHODE  RAY  TUi'F  SCREENS. 
OPTIMIZATION  (U) 

IT  IS  SHOWN  that  CERTAIN  CLASSES  OF  3 DIMENSIONAL 
trajectories  are  easily  represented  in  NOMOGRAPHIC 
FORM.  A SERIES  OF  INCREASINGLY  COMPLEX  EXAMPLES 
ARE  presented  AS  ILLUSTRATION,  (AUTHOR)  (U) 
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descriptors;  (♦inertial  navigation.  CORRECTIONS). 

ERRORS,  statistical  ANALYSIS.  NUMERICAL  ANALYSIS, 
APPROXiMATION(MAThEMATiCS) . GYROSCOPES.  ACCELEROMETERS. 
DRIFT.  ShIPPOARD,  VELOCITY.  TIME.  NOISE* 

MATRICES(MATHEMATICS)  (U) 

Identifiers;  kaLman  filters.  ship’S  ineRtml 
NAVIGATION  SYSTEMS.  SINS(SHIP*S  INERTIaL  NAVIGATION 
SYSTEM)  (H) 

ALL  INERTIAL  NAVIGATION  SYSTEMS  ARE  EXCITED  RY 
RANDOM  ERROR  INPUTS  SUCh  AS  GYRO  DRIFT  RATES. 
accelerometer  errors  etc.  these  ERRORS  MAKE  ThE 
POSITION  AND  velocity  ERRORS  OF  THE  INERTIAL 

navigator  grow  unbounded  with  time  if  no  external 
measurements  are  made,  statistical  smoothing 
techniques  provide  methods  of  estimating  these  RANDO" 
inputs  from  test  runs  Of  the  system.  (Smoothing 
involves  estimating  the  state  of  a system  at  time  t 
using  measurements  made  both  before  and  after  time 
T.)  in  the  present  report,  a SHIP’S  inertial 
navigation  system  IS  considered,  it  is  SH^WN  THAT 
BY  using  smoothing  TECHNIQUES.  UNCERTAINTIES  IN  THE 
knowledge  of  random  error  sources,  particularly,  gyro 

DRIFT  RATES.  CAN  BE  SIGNIFICANTLY  REDUCED. 

(AUTHOR)  (u) 
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descriptors;  (♦aircraft  carriers,  INERTIAL  NAVIGATION), 
(♦CARRIER  landings*  ALIGNMENT),  INSTRUMENTATION* 
velocity*  corrections*  Naval  aircraft*  skidding*  flight 
DECKS  (u) 

the  accuracy  of  an  alignment  of  an  inertial 
navigation  system  on  a moving  ship  depends  on  The 

ACCURACY  OF  ThE  REFERENCE  VELOCITY  AVAILABLE.  ThE 

sensor  obtaining  this  reference  velocity  is  almost 

ALWAYS  LOCATED  AWAY  FROM  THE  NAVIGATION  SYSTEM  BEING 

aligned  suggesting  that  a relative  velocity 
correction  would  be  helpful,  this  is  true  when  the 
SENSOR  SEES  inertial  VELOCITY.  WHEN  ThE  SOURCE  IS 
AN  EM  LOG  which  DOES  NOT  SEE  INERTIAL  VELOCITY*  A 
relative  velocity  CORRECTION  CAN  EITHER  IMPROVE  OP 

degrade  the  reference  Velocity  depending  on  the 

LOCATION  OF  ThE  SOURCE  AND  THE  NATURE  OF  THE  TURN. 

WITH  the  appropriate  DATA  ON  HOW  A SHIP  TURNS  IT 
MIGHT  BE  POSSIBLE  TO  FIND  AN  EMPIRICAL  EQUATION  THAT 
COULD  be  USED  To  CORRECT  EM  LOG  VELOCITIES  TO 
inertial  VELOCITIES  REGARDLESS  OF  THE  NATURE  OF  TURN. 
THE  REPORT  GIVES  THE  EQUATIONS  FOR  MAKING  A 
relative  velocity  correction  when  the  SENSOR  IS  AN 

inertial  source*  and  also  discusses  The  envelope  of 

CONDITIONS  under  WHICH  THESE  SAME  CORRECTIONS  ARE 
helpful  when  the  SENSOR  IS  AN  EM  LOG. 

(AUTHOR)  CU 
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descriptors:  (*C0MMERCIAL  planes,  inertial  NAVIGATION), 
(♦INERTIAL  NAVIGATION.  RELIABILITY).  JET  TRANSPORT 
PLANES.  CIVIL  aviation.  POSITION  FINDING.  PLOTTERS. 

HUMAN  FACTORS  ENGINEERING.  AUTOMATIC  PILOTS.  GROUND 
SUPPORT  equipment.  DOPPLER  SYSTEMS.  CORRELATION 
TECHNIQUES,  FAILURE.  LIFE  EXPECTANCY. 
FAILURE(ELECTRONICS) . FLIGHT  PATHS.  GROUND  POSITION 
INDICATORS.  AIR  TRAFFIC  CONTROL  SYSTEMS.  ANALYSIS  OF 
variance  ft') 

IDENTIFIERS;  ♦COMPARATIVE  STUDIES.  EVALUATION. 

histograms,  inertial  navigation.  ins( inertial 

NAVIGATION  SYSTEM)  Ml) 

THIS  report  DESCRIBES  The  RESULTS  OF  A JET-FLIGHT 

evaluation  of  inertial  navigation  system 

(INS)  PERFORMANCE  IN  THE  COMMERCIAL-AIRLINF 
OPERATIONAI.  ENVIRONMENT.  BOTH  DOMESTIC  AND  OVERWATER, 

evaluation  objectives  Included  (D  assessment 
OF  The  compatibility  of  inertial  techniques  with  THE 
present  air  traffic  control  (ATC)  system. 

(2)  determination  of  the  relative  accuracy  of 
inertial  navigation  as  compared  with  vor/  i-^E 
navigation.  (3)  assessment  of  inertial-system 
UPDATING  requirements.  (4)  EVALUATION  OF  PILOT- 
WORKLOAD  effects,  and  (5)  investigation  of 
several  other  aspects  of  the  use  of  an  inertial 
system  in  the  commercial-airline  environment, 

(AUTHOR) 
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AN  ERROR  ANALYSIS  TECHNIQUE  FOR  INERTIAL  NAVIGATION 
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descriptors:  (•inertial  navigation#  errors)#  control# 
optimization#  control  systems#  mathematical  ANALYSIS# 
NOISE(RADIO) # MATRICES(MATHEMATICS) » COMPUTER  PROGRAM(U) 
IDENTIFIERS;  KaLMAN  FILTERS#  ThEMIS  PROJECT  fU) 

THIS  REPORT  DEVELOPS  A METHOD  FOR  ANALYZING  ThE 
ERRORS  incurred  IN  OPTIMUM  ESTIMATION  SCHE'^ES,  THE 

optimum  control  law  for  modern  control  systems  is 
usually  a function  of  all  the  states  of  the  system. 

IN  many  practical  cases  it  is  necessary  to  extract 
information  concerning  the  states  from  THr 
measurement  of  the  output,  this  extraction  process 
IS  called  estimation,  due  to  random  measurement 
NOISE  and  The  random  noise  components  of  the  states 
of  the  system#  the  estimate  of  the  states  ts  not 
perfect,  a set  of  computer  programs  has  been 
developed  that  provides  a way  of  EVALUATIMR  optimum 
and  sub-optimum  KALMAN  ESTIMATION  TECHNIQUES. 
the  random  noise  processes  have  been  DESChIBED  IN  A 
statistical  manner#  in  order  to  specify  the  random 
noise  quantitatively  as  a function  of  Time. 

(AUTHOR)  (u) 
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DESCRIPTORS:  (♦INERTIAL  NAVIGATION.  ALIGNM^NIT) . 

instrumentation^  optimization,  accuracy,  errors,  control 
systems*  velocity,  feedback,  correlation  techniques. 

TIME.  COMPUTER  PROGRAMS*  GYROSCOPES  (U) 

identifiers:  control  theory,  kalman  filters*  Themis 

PROJECT  (U) 

at  present,  the  accuracy  OF  AN  inertial  navigation 
SYSTEM  IS  limited  BY  THE  ACCURACY  OF  THE  INITIAL 
platform  alignment  PROCESS,  The  accuracy  of  the 
platform  is  further  degraded  by  instrument  errors* 
namely*  gyro  drifts,  accelerometer  errors.  AMD 
independent  velocity  error  sources,  the  specific 
alignment  problem  under  consideration  consists  of 
placing  the  platform  in  a prescribed  orientation  as 
rapidly  as  possible  under  THE  CONSTRAINTS  OF  MAXIMUM 
allowable  ERROR.  THE  DESIRE  TO  ALIGN  RAPIDLY  MAY 
BE  essential  to  SUCCESSFUL  MISSION  ACCOMPLISHMENTS* 

SO  that  limited  RESTRICTIONS  ARE  PLACED  ON  THE 
vehicle  being  navigated  by  inertial  SYSTEM, 

consequently,  it  becomes  necessary  to  design  a 

CONTROL  SYSTEM  TO  MINIMIZE  THE  EFFECT  OF  THESE  ERRORS 
AS  RAPIDLY  AS  POSSIBLE*  THIS  REPORT  COMPARES  TWO 
CONTROL  SCHEMES*  NAMELY.  THE  KALMAN  ESTIMATOR  AND 
the  classical  velocity  feedback  system*  so  that  THE 
BEST  POSSIBLE  ALIGNMENT  BE  ACHIEVED,  PRESENTLY  THE 
APPLICATION  OF  SIMPLE  VELOCITY  FEEDBACK  IS  THE  METHOD 
EMPLOYED  IN  PRACTICE.  HOWEVER.  WITH  RECENT 

advances  in  modern  control  Theory,  the  ability  of  the 
estimation  scheme  of  kalman  to  provide  superior 
performance  can  be  illustrated,  the  comparison  is 
made  with  respect  to  two  criteria:  The  ability  of 

THE  CONTROL  SYSTEM  TO  PROVIDE  ACCURATE  ALIGNMENT.  AND 
SPEED  OF  RESPONSE.  A COMPUTER  PROGRAM  HAS  REEN 
developed  TO  analyze  and  EVALUATE  THE  RELATIVE  MERITS 
OF  THE  OPTIMUM  KALMAN  ESTIMATOR  AND  ThE  CLASSICAL 
feedback  system.  (AUTHOR)  (U) 
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descriptors:  (♦inertial  navigation.  ERRORS). 
instrumentation.  GYROSCOPES.  EQUATIONS  OF  MOTION. 
perturbation  theory,  tensor  analysis.  USSR  (ID 

Identifiers:  translations  (ld 

THE  REPORT  DISCUSSES  THE  PERTURBED  MOTION  OF  AN 
INERTIAL  NAVIGATION  SYSTEM.  WHEN  ITS  ELEMfNTS  HAVE 
instrumental  error,  and  THE  INITIAL  CONDITIONS  ARE 
INACCURATE,  derived  ARE  EQUATIONS  OF  ERRORS  IN  THE 

determination  of  inertial  coordinate  systems  of  an 

OBJECT  AND  PARAMETERS.  CHARACTERIZING  ITS  ORIENTATTOM 
IN  SPACE.  IT  IS  SHOWN.  HOW  THESE  EQUATIONS  CAN  BE 
REDUCED  TO  EQUATIONS  OF  ERRORS  OF  INERTIAL  SYSTEMS. 
determining  DESCARTES.  COORDINATES  OF  THE  OBJECT. 
(AUTHOR)  (U) 
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ERRORS*  SIGNAL-TO-NOISE  RATIO*  USSR*  INFORMATION  THEORY* 
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THE  problem*  of  CONTINUOUS  DETERMINATION  OF  THE 
COORDINATE  S(T)*  WHICH  IS  MEASURED  ON  THE  EARTH’S 
surface  ALONG  ThE  ARC  OF  THE  GREAT  CIRCLE  FROM  POINT 

A TO  POINT  B (Where  the  object  is  located)  is 
examined,  a single-channel  astro-inertial  system 
IS  used,  the  principle  OF  MINIMUM  ERROR 
DISPERSIONS  IS  USED  AS  THE  TEST  OF  OPTiMALNESS  IN 
solving  the  problem  of  synthesis  OF  ThF  DYNAMIC 
CHARACTERISTICS  OF  OPTIMAL  CONVERSION  ENSURING  A 

minimal  total  Error,  three  limiting  cases  are 
examined:  (1)  The  initial  coordinate  is  known 

PRECISELY  AND  ThE  MEAN  VELOCITY  IS  KNOWN  WITH  LOW 
ACCURACY)  (2)  ThE  INITIAL  COORDINATE  iS 
PRACTICALLY  UNKNOWN  AND  THE  MEAN  VELOCITY  IS  KNOWN 
VERY  ACCURATELY)  (3)  NEITHER  VALUE  IS  KNOWN. 

ALL  OF  the  results  PERTaIN  TO  OPERATING  TI^ES  OF  UP 
TO  1000  SEC  AND  ON  THE  ORDER  OF  TENS  AND  HUNDREDS  OF 
HOURS.  HI) 
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descriptors:  (*D0PPLER  navigation,  ♦inertial 

NAVIGATION),  INSTRUMENTATION,  ERRORS,  ANALYSIS  (f) 

AN  ERROR  ANALYSIS  OF  A HYBRID  DOPPLER-INERTIAL 
SYSTEM  (SECOND  ORDER)  WAS  PERFORMED  WITh  ^ND 

without  noise  error  SOURCES,  from  this  analysis  it 
WAS  determined  that  the  DOPPLER  IS  THE  KEY 
CONTRIBUTOR  TO  THE  VELOCITY  ERROR  OF  THE  SYSTEM. 

ALSO,  A PROCEDURE  FOR  SELECTING  THE  PARAMETERS  OF  A 
DOPPLER-INFRTJAL  system  for  MINIMUM  COST  AND  MAXIMUM 
performance  WAS  derived.  (AUTHOR)  (U) 
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advisory  group  for  aerospace  research  and  DEVELOPMFNT 
PARIS  (FRANCE) 

inertial  navigation  - SYSTEMS  AND 

COMPONENTS.  (") 

DESCRIPTIVE  note:  CONFERENCE  PROCEEDINGS. 

MAY  68  568P 

REPT.  NO.  AGARD-CP-43 

unclassified  REPORT 

Supplementary  note:  nato  furnished,  presented  at  two 
meetings  of  the  guidance  and  control  panel  of 

AGARD.  IN  OXFORD.  ENGLAND  DURING  1967  AND  AT 
BRAUNSCHWEIG.  GERMANY.  IN  MAY  1968. 

descriptors:  (♦inertial  navigation,  instrumentation). 

SYMPOSIA.  INERTIAL  GUIDANCE.  STABILIZED  PLATFORMS.  GYPO 
STABILIZERS.  NAVIGATION  COMPUTERS.  DOPPLER  NAVIGATION. 
DETECTORS.  REDUNDANT  COMPONENTS'  ACCELEROMETERS'  QUARTZ 
RESONATORS.  GIMBALS.  GAS  BEARINGS.  GYROSCOPES  (U) 

IDENTIFIERS:  STRAPPED-DOWN  GUIDANCE  SYSTEMS  (U) 

THIS  VOLUME  OF  SYMPOSIA  PROCEEDINGS  OF  THE 
OXFORD  AND  BRAUNSCHWEIG  MEETINGS  REPRESENTS  ThF 
first  PUBLICATION  OF  THE  GUIDANCE  AND  CONTROL 
PANEL,  the  reader  WILL  FIND  CONTAINED  HEREIN 
coverage  of  the  broad  areas  of  inertial  navigation: 

COMPONENTS.  SYSTEMS  AND  APPLICATIONS.  FOURTEEN 
PAPERS  WERE  PRESENTED  AJ  THE  OXFORD  SYMPOSIUM  AND 
ALL  PUT  TWO  OF  THESE  ARE  INCLUDED  HERE  AS  INDICATED 
IN  THE  table  of  CONTENTS.  TWENTY-ONE  PAPERS  WERE 
presented  at  the  BRAUNSCHWEIG  SYMPOSIUM  AMD  ALL 
OUT  three  of  these  are  included  HERE.  ALSO  AS 
indicated  in  the  table  of  contents.  (AUTHOR)  (U) 
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IOWA  state  UNIV  AMES  engineering  research  INST 

ANALYSIS  OF  AN  INTEGRATED  INERTI AL/DOPPLER- 
SaTELLITE  navigation  system:  part  I.  THEORY  and 
MATHEMATICAL  MODEL.  ' 

descriptive  mote:  technical  rept., 
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REPT.  MO.  ERI-62600 
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unclassified  report 


SUPPLENENTARY  note;  report  on  project  THEMIS. 
automatic  navigation  and  control. 

descriptors:  (♦inertial  navigation.  ♦MAVIG"TI0N 

SATELLITES).  DQPPLER  NAVIGATION.  CORRECTIONS.  DRIFT. 
ERRORS  (II) 

identifiers;  kaLman  filters.  Themis  project  (u) 

INERTIAL  navigation  SYSTEMS  HAVE  REACHED  ^ HIGH 
LEVEL  OF  sophistication  IN  RECENT  YEARS.  SUT  THE 
EFFECT  OF  L0NG“TERM-DRIFT  IS  STiLL  A PROBLEM  IN  MANY 

applications,  it  has  been  demonstrated  that 
POSITION  FIXES  Obtained  from  the  navy  navigation 
satellite  system  may  be  used  to  update  an 
inertial  system,  but  simple  POSITION  updating  can  NOT 
correct  the  underlying  causes  of  the  drift  nor  CAN  IT 

correct  the  SCHULER  OSCILLATION  IN  THE  UNDAMPED 

CASE.  This  report  describes  a method  of  system 

INTEGRATION  WHEREBY  THE  DOPPLER  DATA  IS  TREATED 
DIRECTLY  AS  ThE  OBSERVABLE  IN  A KALMAN-FILTER  RESET 
SCHEME,  the  advantage  OF  THIS  APPROACH  IS  THAT 
estimates  of  THE  INERTIAL  VELOCITY  AND  GYRO  BIAS 
ERRORS  ARE  OBTAINED  AS  WELL  AS  THE  POSITION  ERRORS. 
THUS,  the  additional  INFORMATION  OBTAINED  FROM  THE 
KALMAN  filter  CAN  BE  USED  TO  REDUCE  ThE  RATE  OF 
ERROR  PROPAGATION  IN  THE  INTERIM  BETWEEN  PASSES. 
details  of  THE  KALMAN  FILTER  MODEL  ARE  PRESENTED 
IN  The  report.  (AUTHOR)  (H) 
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descriptors:  (♦inertial  navigation*  ♦navigation 

SATELLITES)*  SYNCHRONOUS  SATELLITES*  INCLINED  ORBIT 

trajectories*  RANGE(DISTaNCE) * time*  corrections, 
calibration  (U) 

A hybrid  satellite/inertial  navigation  system 

POSSESSING  many  UNIQUE  AND  DESIRABLE  FEATURES  IS 
defined,  a set  of  FOUR  satellites  placed  in  ?4- 

HOUR  INCLINED*  ELLIPTICAL  ORRiTS  CAN  rE  MADE  SO  THAT 

three  Satellites  form  a stationary*  circular  ground 
TRACE  with  the  FOURTH  SATELLITE  MOVING  IN  A SMALLER* 
CLOSED  PATH  AT  THE  CENTER.  THREE  OR  FOUR  SUCH 
CONSTELLATIONS  CAN  PROVIDE  NEARLY  GLOBAL  COVERAGE. 

the  system  works  on  the  following  principle: 

EACH  satellite  CONTAINS  A CLOCK*  A TRANSMITTER*  AND 
A RECEIVER.  A MASTER  GROUND  STATION  (WITH 
ASSOCIATED  CALIBRATION  STATIONS)  PERIODICALLY 
CHECKS  AND  UPDATES  THE  SATELLITE  CLOCKS  AMD 
EPHEMERIDES.  the  satellites  ARE  CONSTANTLY 
transmitting  a SIGNAL  MODULATED  WITH  A TIME  CODE. 

the  user  simultaneously  receives  all  FOUR  signals* 

WHICH  CONTAIN  RANGE*  TIME*  AND  SATELLITE  POSITION 
DATA.  WITH  FOUR  SUCH  MEASUREMENTS  THE  USER  CAN 
both  adjust  HIS  clock  To  that  of  the  satellites  and 
compute  a three-dimensional  fix.  correspondingly* 

WITH  range  rate  data*  HE  CAN  ESTABLISH  A THREE- 
DIMENSIONAL  velocity,  it  IS  important  To  r-OTE  That 
the  satellite  system  described  is  NOT  self-contained, 
however*  if  the  user  combines  This  system  with  an 
inertial  navigation  system*  many  of  The  advantages  of 
A totally  self-contained  system  can  be  achieved, 
the  satellite  system  would  be  used  to  position- 
update*  align*  and  failure-monitor  the  inertial 
system  and  calibrate  the  accelerometer.  (II) 
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SYSTEMS#  ♦WAVEGUIDES)#  (♦INERTIAL  NAVIGATION#  TRACKING), 
{♦roller  bearings#  MONITORS)#  (♦VISCOSIMETERS#  VAPORS)# 
(♦ELECTRODEPOSITioN#  silver  ALLOYS)#  (♦VAPOR  PLATING# 
METAL  COATINGS)#  PATENTS#  USSR  fti) 

IDENTIFIERS;  TRANSLATIONS  (U) 

contents:  method  of  applying  a solid  LUBRICANT 
COATING)  device  FOR  CONNECTING  TWO  RADIO-RELAY 
SYSTEMS  TO  A COMMON  ANTeNNA-WAVEGUIOE  CHANNEL) 

method  for  determining  instantaneous  values  of 

COORDINATES  OF  MOVING  OBJECTS)  INSTRUMENT  FOR 
monitoring  play  in  roller  BEARINGS)  DEVICE  FOR 
measuring  viscosity  of  alkali  metal  VAPORS) 

ANTIFRICTION  gREASE)  LUBRICANT  FOR  RETAINING 
particles  ON  A SOLID  SURFACE)  METHOD  FOR 
ELECTRODEPOSITION  OF  A SILVER-LEAD  ANTIFRICTION 
ALLOY)  METHOD  OF  METAL  COATING  OF  FOAMFD 
PLASTICS.  (U) 
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aeroplane  and  armament  experimental  establishment  RO'‘>COMPr 
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USE  OF  A flying  LABORATORY  COMET  AIRCRAFT  FOR 
navigation  AND  RADIO  EQUIPMENT  TRIALS*  (U) 

DEC  68  28P  DYER»G.  C.  » 

REPT.  no*  AAEE/TECH/395/NAV 

unclassified  REPORT 


descriptors;  (♦jet  transport  planes.  iNSTRUf-^ENTATIOM)  . 
(♦aircraft  equipment,  test  FACILITIES).  (♦INERTIAL 
NAVIGATION.  TEST  FACILITIES).  ALTIMETERS,  '-'TGITAL 
computers.  PHOTOGRAPHIC  EQUIPMENT,  DIGITAL  RECORDING 
SYSTEMS.  LASERS.  GREAT  BRITAIN  (U) 

identifiers;  avionics,  COMET  4C  AIRCRAFT  (li) 

A permanently  instrumented  comet  4c  aircraft  is 
operated  exclusively  for  flight  testing  OF  NEW 

AVIONIC  equipment.  THIS  REPORT  DESCRIBES  THE 

facilities  offered  by  This  flying  laboratory) 

EMPHASIS  IS  placed  ON  ThE  DIGITAL  TRIALS  MFTHODS 
appropriate  TO  The  testing  of  inertial  NAVIGATION 
systems,  the  functions  provided  by  a micro- 
miniature GEC  G719  digital  COMPUTER  IN  RE,\L-TIME 
PROCESSING  OF  INFORMATION  FROM  VARIOUS  ♦DATUM* 

SENSORS,  and  producing,  in-flight,  records  of  test 
equipment  errors  is  described,  the  use  of  a .datum* 

LASER  altimeter  FOR  RADIO  ALTIMETER  TESTI jG  IS  ALSO 
described.  (AUTHOR)  (U) 
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reprint:  the  development  of  It4ERTIAL  navigation: 

A historical  correction. 
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monitor;  FAA-RD  7o-3 

unclassified  report 

SUPPLE^ENTARY  NOTE:  SEE  ALSO  AO-852  583L. 

Descriptors:  (♦jet  transport  planes,  ♦inertial 

NAVIGATION).  FEASIBILITY  STUDIES.  COSTS*  COST 

effectiveness,  air  traffic  control  systems,  flight 
testing  (H) 

the  report  considers  several  aspects  of  the  usf  of 

INERTIAL  NAVIGATION  AND  GUIDANCE  IN  ThE  U.  S. 

domestic  air  traffic  environment.  IT  PRESENTS 

FLIGHT  TEST  DATA  TAKEN  ON  REGULAR  SCHEDULED 
COMMERCIAL  CARGO  JET  AIRCRAFT  FLIGHTS  OF  THE  SPERRY 
SGN-10  inertial  NAVIGATION  SYSTEM  (INS.) 

IT  further  presents  an  OPERATIONAL  STUDY  OF 
inertial  guidance  AS  COMPARED  WITH  THE  PRESENT 
vortac  system  of  navigation,  the  results  of  The 
data  analysis  and  the  study  indicate  that  it  is 
feasible  to  use  inertial  navigation  during  the 
enroute  portion  of  the  flight  and  that  benefits  cam 
thereby  be  obtained,  it  also  shows  that  very  little 
USE  OF  the  system  could  be  realized  in  The  terminal 
areas  under  the  present  standard  instrument 
departures  (SIDS)  AND  APPROACH  PROCEDURES.  A 
cost-benefit  study  SHOWED  THAT  THE  COST  OF  OPERATION 
AND  OWNERSHIP  EXCEEDED  THE  BENEFITS  DERIVFD  UNLESS 

The  COST  OF  operation  was  prorated  with  some  other 
SERVICE.  SUCH  as  INTERNATIONAL  GUIDANCE. 

(AUTHOR)  (u) 
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unclassified  report 

Supplementary  note:  supersedes  ad-69o  789. 

descriptors;  (♦DOPPLER  navigation.  *INERTI''L 
NAVIGATION).  HELICOPTERS.  INSTRUMENTATION.  ERRORS. 
ANALYSIS,  NOISE(RADIO)  (U) 

AN  ERROR  ANALYSIS  OF  A HYBRID  DOPPLER-INERTI AL 
system  (SECOND  ORDER)  WAS  PERFORMED  WITH  AMO 
without  noise  ERROR  SOURCES,  FROM  THIS  ANALYSIS  IT 

WAS  determined  that  the  doppleR  IS  the  key 
CONTRIBUTOR  TO  THE  VELOCITY  ERROR  OF  THE  SYSTEM. 

ALSO.  A PROCEDURE  FOR  SELECTING  THE  PARAMETERS  OF  A 
doppleR-inertial  system  for  minimum  cost  AMD  maximum 

PERFORMANCE  WAS  DERIVED.  (AUTHOR)  (u) 
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descriptors;  (♦aircraft*  inertial  navigation) * 

(♦stabilized  platforms*  ALIGNMENT),  INSTRUMENTATION* 
gyro  compasses*  AZIMUTH*  DRIFT,  INFORMATION  THEORY* 
aircraft  equipment*  computer  programs*  Theses  (u) 

the  accuracy  of  an  aircraft  inertial  navigation 

SYSTEM  DEPENDS  UPON  ThE  ACCURACY  WITH  WHICH  THE 
SYSTEM  IS  INITIALLY  ALIGNED.  ONE  PROCEDURE  FOR 
initial  alignment  INVOLVES  THE  USE  OF  AN  EXTERNAL 
REFERENCE.  THIS  METHOD  UTILIZES  EQUIPMENT  WHICH  IS  i 

MUCH  TOO  elaborate  FOR  NORMAL  OPERATIONAL  USE.  AN 
ALTERNATE  PROCEDURE  USES  THE  SYSTEM’S  INERTIAL 
SENSORS  IN  A SELF-CONTAINED  METHOD.  IF  SUFFICIENT 
TIME  were  AVAILABLE,  THE  SELF-CONTAINED  METHOD  COULD 
ACHIEVE  ACCURACIES  COMMENSURATE  WITH  THE  SENSOR 
ACCURACIES!  HOWEVER*  IN  AN  OPERATIONAL  ENVIRONMENT  IT 

IS  usually  necessary  to  sacrifice  some  ACCURACY  IM  ! 

The  interest  of  achieving  a more  rapid  initiation. 

THIS  dissertation  INVESTIGATES  THE  METHODS 
presently  available  for  initialization  of  an  INERTTAl 

PLATFORM  IN  AN  AZIMUTH  WANDER  OR  FREE  AZIMUTH 

instrumentation  and  presents  a new  method  for  rapid  , 

initialization.  THE  PARAMOUNT  PROBLEM  IS  THE 

determination  of  THE  INITIAL  AZIMUTH  ANGLF.  IN  MINIMUM  ! 

TIME  IN  THE  PRESENCE  OF  RANDOM  GYRO  DRIFTS*  RANDOM  | 

accelerometer  drifts*  And  measurement  noisf,  i 

(AUTHOR)  <u)  I 


■■ 

! 

.1 

I 


44 

Unclassified  zomo? 


'•NCLAS'-.IFIFD 


L)DC  REPOKT  niHLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

Au-  708  479  17/7  12/2 
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Descriptors;  (♦inertial  navigation#  detectors)# 
accelerometers#  mathematical  models#  gyroscopes# 
optimization#  guided  missile  trajectories#  inertial 
guidance#  TOLERANCES(MEChaNICS) # acceptability#  THESEdI) 

A VARIETY  of  PROBLEMS  DEALING  WITH  THE  OPTIMUM 
UTILIZATION  OF  INERTIAL  SENSORS  IS  DISCUSSED. 

INERTIAL  SENSORS#  I.E.»  ACCELEROMETERS  AND 
GYROSCOPES#  play  AN  IMPORTANT  ROLE  IN  DETERMINING  THE 
OVERALL  performance  OF  A SYSTEM  USING  INERTIAL 

navigation,  the  performance  of  an  inertial  system 
IS  determined  not  only  by  the  basic  characteristics 
OF  the  individual  sensors#  but  also  by  the  manner  in 
WHICH  The  sensors  are  employed,  for  example#  the 

ORIENTATION  OF  THE  SENSORS  WITH  RESPECT  TO  THE 
trajectory#  and  THE  TRAJECTORY  ITSELF  DETERMINE  WHAT 
EFFECTS  THE  SENSOR  ERRORS  WILL  HAVE  ON  THE  SYSTEM 

performance,  direct  analytical  solutions  to  the 
optimum  orientation  problems  are  desired  to  provide 
fresh  insights  into  the  situation  and  to  supplement 
EXISTING  orientation  GUIDELINES.  METHODS  OF  MOST 
EFFECTIVELY  UTILIZING  REDUNDANT  DATA  ARE  DFSIRFO. 

both  ballistic  and  cruise  inertial  systems  are 
considered,  to  facilitate  the  obtaining  of  direct 

ANALYTICAL  SOLUTIONS#  ACCURACY  CRITERIA  AND  ERROR 
MODELS  ARE  ESTABLISHED  THAT  ARE  NOT  ONLY  SIGNIFICANT 

but  are  conducive  to  obtaining  analytical  solutions 

AS  well.  FOR  OPTIMUM  ORIENTATION  PROBLEMS# 

ANALYTICAL  EXPRESSIONS  ARE  FIRST  DERIVED  FOR  THE 
ACCURACY  criteria  IN  TERMS  OF  THE  ORIENTATION 
parameters,  then#  THE  ORIENTATION  PARAMETERS  THAT 
OPTIMIZE  these  criteria  ARE  FOUND.  SIMILARLY#  THE 
MOST  mathematically  TRACTABLE  FORMS  ARE  SELECTED  FOR 
THE  examination  OF  REDUNDANT  SENSORS#  (U) 
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unclassified  report 

supplementary  note;  errata  sheet  enclosed. 

descriptors;  (♦inertial  navigation,  flight  TESTING). 
(♦distance  measuring  equipment,  flight  TESTING). 

POSITION  finding,  ACCURACY  (U) 

A LITTON  LTN-51  INERTIAL  NAVIGATION  5YSTE^ 
augmented  RY  two  ARINC  568  DIGITAL  DME'S  WAS 
FLOWN  IN  AN  FAA  FLIGHT  INSPECTION  AIRCRAFT  FOR 

evaluation  of  updated  Inertial  performance  in  the 

DOMESTIC  AREA.  THE  LTN-51  INERTIAL  COMPUTER 
received  range  INPUTS  FOR  TWO  SEPARATE  DME 
STATIONS,  the  GEOGRAPHIC  FIX  oF  THE  TWO  n^’F 
RANGES  WAS  USED  TO  UPDATE  THE  INERTIAL  SYSTEM, 
data  was  recorded  automatically  every  four  SECONDS 
AND  performance  VALIDATED  BY  COMPARISON  WITH  FLIGHT 
inspection  position  calibration.  150  SUCCESSFUL 
FLIGHT  HOURS  COVERING  The  WESTERN  UNITED  STATES 
WERE  ACHIEVED  IN  2 1/2  MONTHS.  DATA  SHOWS  DEVIATION 
WAS  1,102  FEET*  50W»  1*233  FEET,  68*)  2,530  FEET. 

95*1  and  3.499  FEET*  lOo*  (MEAN  PERCENTILE 

POINTS),  terminal  APPROACHES  WERE  ALSO 

demonstrated.  (AUTHOR)  (U) 
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Descriptive  note:  technical  rept.. 

OCT  70  84P  CLINE»TERRY  D.  »TRISKA,C. 

JAMES  : 

REPT.  no*  ISU-ERI-AMES-77000 

Contract:  noooi4-68-a-o162 
PROj;  eRI-712-S 

unclassified  report 


descriptors:  (♦control  Systems,  mathematical  models), 
(♦navigation  satellites*  ♦inertial  navigation),  set 
theory,  differential  equations,  recursive  functions, 
navigational  aids,  MATRICES(MATHEMATICS) * 
optimization  (ID 

identifiers;  automatic,  CONTROL*  filtering  theory, 
♦KALMAN  filters*  ♦CONTROL  THEORY,  COVARIANCE  MATRIX* 
ESTIMATION  THEORY  (U) 

the  computational  requirements  OF  THE  KALMAN 
filter  may  become  EXCESSIVE  WHEN  THE  MEASUREMENT 
MODEL  INCLUDES  A CONNECTION  WITH  BOTH  THE  PRESENT 
STATE  and  a previous  STATE.  THREE  ASPECTS  dr  THIS 
problem  are  studied,  a performance  analysis  is 
presented  and  a performance  index  is  defined  as  an 

AID  IN  EVALUATING  THE  PERFORMANCE  OF  TWO  CLASSES  OF 
SUBOPTIMAL  filters  WHICh  MAY  bE  USED  TO  SOLVE  THIS 
problem,  the  TWO  CLASSES  ARE  SUBOPTIMaLITY  DUE  TO 
MODELING  variations  AND  DUE  TO  ALTERNATE  GAIN 
algorithms,  a SUBOPTIMAL  FILTER  IS  DERIVED  WHICH 
BELONGS  TO  THE  SECOND  CLASS.  THE  SIMULATION  OF  A 

proposed  integrated  inertial/doppler-satellite 

NAVIGATION  SYSTEM  IS  PERFORMED  TO  STUDY  THF 
performancf  of  filters  belonging  to  both  of  The  abovf 

CLASSES.  (ATHOR)  (U) 
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unclassified  report 

availability;  paper  copy  available  fron  circa 
publications#  Inc.  415  fifth  ave#  pelham#  new 
YORK  10803.  NO  COPIES  FURNISHED  BY  DDC  OR  IJTIS. 

Supplementary  note;  nato  furnished. 

descriptors:  (♦instrumentation#  test  METHO'S)# 

(♦inertial  navigation#  Instrumentation)#  de.tectors#  I 

stabilized  platforms#  gyroscopes#  gas  bearings# 

ACCELEROMETERS#  INERTIAL  GUIDANCE#  TEST  EQUIPMENT  (U) 

THIS  VOLUME  CONTAINS  THE  PROCEEDINGS  OF  THE  LECTURE 
SERIES  sponsored  BY  THE  GUIDANCE  AND  CONTROL 
PANEL  OF  AGARD  AND  PRESENTED  IN  PARIS  IN  JUNE 

1968.  The  fourteen  chapters  cover  component 
testing#  assembly  testing  and  system  testing  of 
gyros#  reference  platforms#,  accelerometers  and  the 

DESIGN  OF  suitable  TEST  EQUIPMENT.  THE  HISTORY  AND 
ECONOMIC  JUSTIFICATION  OF  GYRO  TESTING  IS  ALSO 
DISCUSSED#  TOGETHER  WITh  aN  INDICATION  OF  FUTURE 
TRENDS#  the  EFFECTS  OF  DESIGN  SHORTCOMINGS  AND  THE 
VARIOUS  TYPES  OF  GAS  AND  HYDROSTATIC  MOTOR  BEARINGS 
ON  GYRO  TESTING  AND  TEST  SPECIFICATIONS  AOE 
DESCRIBED.  THE  BOOK  IS  CONCLUDED  BY  ThE  EjITED 
proceedings  OF  A DISCUSSION  WHICH  REVEALS  THE  TESTING 
system  PHILOSOPHY  AND  ThE  TEST  SPECIFICATION  AND 
INTERFACE  PROBLEMS  FACED  BY  DESIGNERS#  TEST 
engineers#  AND  MANUFACTURERS.  (AUTHOR)  (U) 
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unclassified  report 

Supplementary  note;  unedited  rough  draft  ti^^ns.  of 

AKADEMIYA  NAUK  URSR*  KIEV,  DOPOVIDI.  SF.RlYA 
a:  FIZIKO-TFKHNICHNI  TA  MATEMATICHNI  NAUkI*  V29 
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descriptors;  (♦navigation  computers*  computer 
programming)*  (♦inertial  navigation*  equations  of 
MOTION)*  nonlinear  DIFFERENTIAL  EQUATIONS*  STABILITY, 
POSITION  finding*  POLAR  REGIONS*  USSR  (U) 

IDENTIFIERS;  TRANSLATIONS  (U) 

THE  operation  OF  A COMPUTER  SERVING  AN  INERTIAL 
navigation  system  WITH  STABILIZATION  IN  ThE 

horizontal  plane  requires  the  solution  of  a system  of 
three  nonlinear  differential  equations  INVOLVING*  as 
variables*  the  latitude  and  longitude  of  the  moving 

OBJECT*  AND  ThE  ANGLE  WhICH  CHARACTERIZES  THE 
POSITION  OF  the  PLANE  IN  THE  AZIMUTH  WlTH  RESPECT  TO 

The  geographical  system  OF  coordinates. 

UNFORTUNATELY*  A COMPUTER  DESIGNED  TO  DEAL  DIRECTLY 
WITH  these  equations  INVOLVES  A NUMBER  OF  TECHNICAL 
DIFFICULTIES  LEADING  TO  SUBSTANTIAL  ERRORS.  BY 
INTRODUCING  ThE  RODRIGUES-HAMILTON  PARAMETERS, 

the  author  reduces  The  computing  function  essentially 
TO  The  solution  of  four  linear  differential  equations 
equivalent  to  The  original  system,  one  apparent 
advantage  of  a computer  so  designed  is  that  no  shift 
TO  A second  coordinate  SYSTEM  IS  REQUIRED  IN  THE  CASE 
OF  NAVIGATION  NEAR  THE  POLES.  (AUTHOR)  (U) 
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Contract:  fa-67-wa-1723 
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unclassified  report 

Supplementary  note;  see  also  volume  i,  AD-h73  86i, 
prepared  in  cooperation  with  ARINC  RESEARCH  CORP., 
ANNAPOLIS.  MD.  REPT.  NO*  558-01-1-879.  AND  UNITED 

AIR  lines.  inc.»  elk  grove  township.  ill. 

descriptors:  (♦inertial  navigation,  reliability), 
(♦commercial  planes,  inertial  NAVIGATION).  CIVIL 
aviation,  position  FINDING.  AUTOMATIC  PILOTS.  FLIGHT 
paths,  ground  POSITION  INDICATORS.  GYRO  CO/lPASSES. 
DOPPLER  SYSTEMS.  STATISTICAL  DATA.  JET  TRANSPORT  PLAN(U) 

identifiers;  inertial  navigation.  INS( inertial 
NAVIGATION  SYSTEMS).  EVALUATION  'U) 

THIS  REPORT  DESCRIBES  ThE  RESULTS  OF  A JET-FLIGHT 

evaluation  of  Inertial  navigation  system  (ins) 
performance  in  the  commercial-airline  operational 
environment,  both  domestic  AND  overwater.  a 
DESCRIPTIO^!  of  the  PROGRAM  AND  A DISCUSSION  OF  THE 
RESULTS  ARE  PRESENTED  IN  VOLUME  I.  VOLUME  I I 
presents  the  raw  data  ASSOCIATED  WITH  TWELVE  TYPICAL 
DATA  flights  aND  COMPUTED  VALUES  OF  INS  1 AND  INS 
2 ALONG-TRACK  and  ACROSS-TRACK  ERROR.  (U) 
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unclassified  report 

availability;  Pub.  in  ieee  transactions  0 , 
aerospace  and  electronic  systems.  VAES3  N2  P24?-24<> 

MAR  67. 

Supplementary  note;  revision  of  report  dated  2 sep 

65* 

descriptors;  (♦decision  Theory,  sequential  analysis). 

(♦INEPTlAL  navigation.  MATHEMATICAL  MODELS).  LINEAR 

systems*  matrices(mathematics) , optimization  (U) 

identifiers;  sequential  estimation.  KALMAN  FILTERS. 
control  theory,  estimation  theory  (U) 

The  kalman  sequential  linear  estimation  ThFORY* 
although  not  always  UTILIZED  BECAUSE  THE  NUMBER  OF 
COMPUTATIONS  REQUIRED  FOR  MANY  SYSTEMS  OF  PRACTICAL 

importance  becomes  prohibitive*  allows 
straightforward  synthesis  of  optimal  estimators  fop 

MANY  COMPLEX  SYSTEMS.  SOME  SYSTEMS  DESIGNERS  HAVE 

ChOSFN  To  ignore  variables  and  by  such  a deduction  p 

SYSTEM  dimension  HAVE  BEEN  ABLE  TO  ECONOMIZE  WITH 

regard  to  the  number  of  computations.  The  purpose 

OF  THIS^PAPER  is  TO  DEMONSTRATE  A METHOD  WHICH  ALLOW*^ 
economy  OF  COMPUTATION  BY  PARTITIONING  TH£  SYSTEM 
STATE  VECTOR!  THE  VARIABLES  TO  BE  ELIMINATED  ARE 
PLACED  IN  ONE  SUBSYSTEM  AND  ThE  REMAINING  VARIABLES 
IN  ONE  OR  more  additional  SUBSYSTEMS.  THE  RESULTANT 
SYSTEM  IS  computationally  MORE  EFFICIENT  IF  SOME 
variables  ARE  ELIMINATED.  THIS  IS  SO  BECAUSE  THE 

remaining  states  have  Been  partitioned  into  two  or 
MORE  subsystems.  (AUThOR)  (U) 


‘j1 

Unclassified 


zomo? 


Unclassified 


DDC  report  bibliography  SEARCf^  CONTROL  NO.  70MO7 
AO-  7i‘»  614  17/7 

California  univ  los  angeles  school  of  engineering  and 
applied  science 
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unclassified  report 

availability:  pub.  in  ieee  transactions  Or; 
aerospace  and  electronic  systems,  V3  n6  PaB0-8fl8 

NOV  67. 

supplementary  note:  prepared  in  cooperation  with 
autonetics,  anaheim»  calif. 

descriptors:  (♦inertial  navigation,  OPTIMIZATION), 
(♦navigational  AIDSf  AUTOMATIC  PILOTS),  GYRO  COMPASSES, 
accelerometers,  DRIFT,  AZIMUTH,  ALIGNMENT,  ERRORS  (U) 

the  performance  of  an  Inertial  autonavigator  can 

ONLY  be  as  good  AS  THE  ACCURACY  TO  WHICH  THE  SYSTEM 

IS  initially  aligned,  optical  methods  of  alignment 

CAN  PE  performed  WITH  HIGH  PRECISION)  HOWEVER,  THIS 
TECH^’IQUE  REQUIRES  EXTERNAL  EQUIPMENT  AND  IS  SUBJECT 
TO  some  physical  CONSTRAINTS,  SUCH  AS  LAND-BASED 
OPERATION.  THE  GENERAL  PROBLEM  DISCUSSED  HERE  IS 
The  use  of  an  automatic  AZIMUTH  ALIGNMENT  TECHNIQUE 
KNOWN  AS  GYROCOMPASSING.  IN  THE  USE  OF  THE 

gyrocompassing  technique  to  obtain  azimuth  alignment, 

ACCURACIES  ARE  DEGRADED  CONSIDERABLY  BY  TwO  DOMINANT 
ERROR  SOURCES,  THE  LEVEL  AXIS  CONTROLLING  GYRO  DRIFT 
rate  and  the  imperfections  OF  REFERENCE  OR 
INDEPENDENT  VELOCITY  INFORMATION.  CONSEQUENTLY,  AN 

optimum  performance  controller  IS  developed  for 
driving  the  system  in  This  mechanization  and  is  rased 
ON  A priori  knowledge  OF  THE  SECOND-ORDER  STATISTICS 
OF  The  system  error  sources,  the  performance 
criteria  will  PE  to  minimize  THE  MEAN  SQUARE  AZIMUTH 
ERROR.  (AUTHOR)  (H) 


bZ 

Unclassified 


70M07 


= 


'•NCLASSIFIEO 

DDC  HEHOKT  IUMLIOOHAPHY  SFAPCH  COMTROL  "'0.  Z0MO7 
Au-  720  102  17/7 

DEUTSCHE  FORSCHUNGS-  UNO  VERSUCHSANSTALT  FUER  LUFT-  M^'D 
RAUMFaHRT  E M OBERPFaPFenHOFEN  (WEST  GERMANY) 

accelerometer  calibration  in  the  low  6 RA'IGE  BY 

MEANS  OF  MASS  ATTRACTION,  (U) 

70  lip  REINEL, KONRAD  I 

rept.  no.  DFVLR-SONOERDRUCK-73 

unclassified  report 

availability:  paper  copy  available  from  AlUA.  12R0 

AVENUE  OF  the  AMERICAS*  NEW  YORK,  N.  Y.  10019, 

PC  S2,00.  o-F  $1.00.  NO  COPIES  FURNISHED  RY  DOC  OR 
NTIS. 

SUPPLEMENTARY  NOTE:  SPONSORED  IN  PART  BY  NATIONAL 
aeronautics  and  space  ADMINISTRATION,  WASHINGTON, 

D.  C.  PUB.  IN  PROCEEDINGS  OF  AIAA  GUIDANCE, 

CONTROL  and  FLIGHT  MECHANICS  CONFERENCE*  SANTA 
BARBARA*  CALIF,  17-19  AUq  70,  PAPER  NO,  70-1030, 

Descriptors:  (♦accelerometers,  ♦calibration),  (♦inertial 

NAVIGATION,  ACCELEROMETERS),  GRAVITY, 

SATELLITES( ARTIFICIAL) , RELIABILITY  (U) 

MASS  attraction  IS  USED  AS  AN  EQUIVALENT 
ACCELERATION  INPUT  TO  CALIBRATE  AN  ACCFLEPOMETFR , 

THE  UPPER  LIMIT  OF  THE  ACCELERATION  BY  A REASONABLE 
MASS  SIZE  IS  10  TO  THE  MINUS  rTh  POWER  G IN  ORBIT  ANE 
10  TO  The  minus  7TH  power  g in  the  laboratory,  the 
calibration  has  been  carried  out  IN  The  Laboratory 
FOR  AN  electrostatic  SUSPENDED  SINGLE-AXIS 
accelerometer  (MESA)  WUh  A VARIABLE  MASS 

attraction.  thF  tilting  of  the  test  pad  was 
avoided  by  a vertical  movement  of  the  attracting  MAS*^ 

AND  ALWAYS  CHECKED  BY  A VERY  SENSIBLE  TilTMETER. 

(AUTHOR)  (U) 
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ON  the  performance  AND  THE  ERROR  MODEL  OF  '' 
single-degree-of-freedom  STRAPDOWN 

GYROSCOPE^  'H) 

JUL  70  lOP  STIELER»BERNHARD  » 

REPT.  MO.  DFVLR-SONDERDRUCK-80 

unclassified  report 
availability:  pub.  in  zeitschrift  fur 

FLUGWISSENSCHAFTEN.  vi8  heft  H P421-429  1970.  NO 
COPIES  furnished. 

Supplementary  note:  prepared  in  cooperation  with  nasa 
electronics  research  center.  Cambridge,  mass, 
sponsored  in  part  by  the  national  academy  of 

SCIENCES.  WASHINGTON.  0.  C. 

descriptors:  (♦inertial  navigation.  GYROSCOPES). 
(♦gyroscopes.  PERFORMANCE{ENGInEERING) ) . simulation, 
mathematical  models,  torque.  DRIFTMETERS.  DIFFERENTIAI 
equations,  integrals,  numerical  integration,  digital 
computers,  navigation  computers,  west  GERMANY  (U) 

identifiers;  one  degree  of  freedom.  STrAPPEP-DOWN 
guidance  systems#  degrees  of  freedom  (H) 

THE  performance  OF  STRAPdOWN  GYROS  AND  THEIR  DRIFT 
MODEL  FOR  CONSTANT  AMO  VIBRATIONAL  INPUTS  ARE 
DISCUSSED,  this  STUDY  AS  BASIS  FOR  A GYRO  DRIFT 
compensation  is  a SYNTHESIS  OF  INFORMATION  FROM 

different  sources  which  is  completed  by  simulation 

TEST  results.  (U) 
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unclassified  report 

Supplementary  note;  edited  machine  trans.  of  mekhanika 

TVERDOgO  tela  (USSR)  M6  P15-25  1969*  BY  ROF-FRT  D. 

HILL. 

DESCRIPTORS:  (♦Inertial  navigation*  navigational  aids), 
(♦navigational  aids*  ACCELEROMETERS)*  MATHEMATICAL 
models*  equations  of  motion*  integral  transforms* 
numerical  integration*  Theory*  ussr  (u) 

Identifiers:  translations  (u) 

The  model  of  an  ideal  spatial  newtonmeter 
(accelerometer)  set  on  a moving  object  is 
examined,  the  relationship  of  this  model  and  the 
combination  of  three  real  single-component 

(LINEAR)  NEWTONMETERS  WITH  NONCOPLANAR  AXES  OF 
sensitivity  in  THE  SYSTEM  OF  INERTIAL  NAVIGATION  IS 
analyzed.  (U) 
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DESCRIPTIVE  NOTE*.  TECHNICAL  REPT,, 

JAN  71  137P  WINGER.D.  J.  ;bROW!»R. 

G • ^ 
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unclassified  REPORT 

Supplementary  note:  report  on  automatic  navigation  anf 
control* 

descriptors;  {♦DOPPLER  NAVIGATION.  NAVIGATION 
SATELLITES).  (♦INERTIAL  NAVIGATION.  INTEGR  TED  SYSTEM'' ) . 
MATHEMATICAL  MODELS.  EOUATIONo  OF  MOTION.  HFFERENTI Al 

equations,  stochastic  processes*  MATRICESIMATHEMATICS) . 
FLIGHT  TESTING.  SIMULATION.  POSITION  FINDING.  ERRORS. 

computer  programs,  theses  Ui) 

IDENTIFIERS;  KALMAN  FILTERS.  ThEMIS  PROJECT. 

computerized  simulation  (U) 

THE  STUDY  INVESTIGATES  THE  ACCURACY  OF  AN 
integrated  navigation  system  in  WHICH  A MODEST 

quality  airborne  inertial  navigation  SYSTtw  IS 
coupled  WITH  AN  EXTENSIVE  SYSTEM  OF  (QOPPLER) 
navigation  satellite.  The  two  systems  are 

INTEGRATED  IN  AN  OPTIMAL  FASHION  BY  USING  THP’ 

delayed-state  Kalman  filter,  the  performance  of 
THE  integrated  SYSTEM  WAS  EVALUATED  BY  CONDUCTING 
variance  analyses  on  a number  of  computer-simulated 

FLIGHTS  IN  WHICH  AN  AIRCRAFT  WAS  ASSUMED  TO  BE 
EQUIPPED  with  ROTH  NAVIGATION  SYSTEMS.  THREE 

hypothetical  doppler-satellite  configurations  were 
considered  in  These  studies;  all  of  these 
configurations  provided  sufficient  satellite  coverage 
TO  enable  continuous  DOPPLER  MEASUREMENTS  FROM  TWO 
satellites  to  BE  USED  FOP  THE  KALMAN  FILTER  INPUT. 

A DOPPLER  satellite  GENERALLY  PROVIDES  BETTER 

navigation  information  in  its  alomg-track  direction 

THAN  ITS  CPOSSTRACK  DIRECTION.  AND  THIS  IS  REFLECTED 

IN  The  integrated  system  py  an  imbalance  in  The 
quality  of  the  estimates  of  The  two  level  channel 
ERRORS.  Three  satellite  altitudes  were  considered 
AND  it  was  found  THAT  ThE  ACCURACY  OF  ThE  INTEGRATED 
SYSTEM  DEGRADES  WITH  INCREASED  SATELLITE  ALTITUDE.  (U) 
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LAMONT-DOHFRTY  GEOLOGICAL  OBSERVATORY  PALISADES  N Y 

DEVELOPMENTS  IN  NAVIGATION  AND  MEASUREMENT  OF 
GRAVITY  at  SEA»  <1') 

JUN  70  33P  TALWANIrMANIK  I 

REPT.  no.  LOGO-1613 

Contract:  noooi4-67-a-oio8-ooo4»  nsf-ga-1434 
unclassified  report 

availability:  pub.  in  Geoexploration.  V8  pi51-183 

1970. 

descriptors:  (♦gravity,  measuring  instruments), 
(♦navigational  aids,  design),  (♦inertial  navigation, 
instrumentation),  ship  auxiliary  equipment.  NAVIGATIO^' 
satellites,  accelerometers  (U) 

Identifiers:  an/srn-9.  *gravimetry  (id 

THE  paper  reviews  RECENT  DEVELOPMENTS  IN  -'FTHODS  OF 
navigation  and  of  measurement  of  gravity.  THE 
U.S.  NAVY’S  satellite  NAVIGATION  METHOD  IS 
DESCRIBED  AND  VARIOUS  SYSTEMS  FOR  INTERPOLATING 

between  satellite  fixes  are  discussed,  cross- 
coupling AND  OFF-LEVELING  ERRORS  FOR  SURFACE  SHIP 
gravimeters  are  examined,  the  principles  of 
operation  of  the  recently  developed  vibrating  string 
and  force  balance  type  gravimeters  are  described. 
(AUTHOR)  (") 
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TULANt  UNIV  NEW  ORLEANS  LA  SYSTEMS  LAO 

INVESTIGATION  OF  MINUTEmaN  017B  COMPUTER 

reutilization.  <r) 

JAN  71  54p  beck. Charles  h.  ; 

Contract:  F44620-70-c-o05o 
monitor;  AFOSR  Tr-71-0115 

unclassified  report 


descriptors:  (♦digital  computers.  DESIGN),  {♦inertial 
navigation,  ♦navigation  COMPUTERS).  (♦SURFACE  TO  SURFACE 
MISSIIES.  guided  missile  COMPUTERS).  DATA  PROCESSING. 
MEMORY  DEVICES.  INTERFACES.  TELEMETERING  DATA.  CONTROL 
sequences  (U) 

Identifiers;  minicomputers,  minuteman.  di7<3 
computers  (u) 

A large  number  of  ns-ioq  inertial  guidance 
systems  have  been  declared  excess  by  the  (iSAF 

WHICH  CONTAIN  0178  DIGITAL  COMPUTERS.  THIS 
REPORT  describes  THE  CAPABILITIES  OF  THESE  COMPUTERS 
AND  many  appropriate  APPLICATIONS  IN  WHICH  THE 
0170— A HIGHLY  RELIABLE  AND  VERSATILE  SERIAL- 

BINARY  minicomputer— can  be  beneficially  employed, 
typical  areas  of  APPLICATION  ARE  CONTROL.  DATA 
ACQUISITION,  and  ON-LINE  COMMUNICATIONS.  A SINGLE 
SYSTEM  DESIGN  WILL  SUPEICE  FOR  THE  APPLICATION  OF 
several  D17B'S  to  SIMILAR  TASKS.  WHILE  SUCH 
MODIFICATIONS  ARE  VERY  INEXPENSIVE.  ThE  REOUIRED 

interfacing  must  still  be  developed,  this 

INTERFACING  IS  THE  KEY  TO  FLEXIBLE  USE  OF  THESE 
minicomputers;  typical  I/O  DEVICES  INCLUDE: 

TYPEWRITERS.  TELETYPES*  FLEXOwRITERS.  MaGmETTC  AND 

PAPER  Tape  units,  printers,  and  card  readers, 
despite  the  difficulties  of  limited  documentation 

DURING  THE  EARLY  PHASE?  OF  THIS  INVESTIGATION  AND  THE 

associated  frustration*  the  P17B  is  NOW 

performing  useful  functions  in  The  systems 

laboratory  at  Minimal  cost,  (author)  (u) 
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TUFTS  UNIV  MEDFORD  MASS  DEPT  OF  CIVIL  ENGINEERING 

A program  of  study  on  long  TERM  EARTH 

TILTS.  Ml) 

descriptive  note:  final  REPT.  AUG  65-31  JAN  69, 

FEB  70  21P  TSUTSUMI,KENTAR0  I 

Contract:  af  i9(628)-5526 

PROj;  aF-7639 
task;  763907 

monitor;  AFCRL  To-0260 

unclassified  report 


DESCRIPTORS:  (♦inertial  navigation,  instrument ATION) , 
(♦navigational  AIDS»  calibration),  accuracy,  test 
methods*  test  equipment*  meteorological  phenomena  mj) 
identifiers;  ground  motion,  ground  motion  mj) 

The  purpose  of  this  investigation  was  tq  determine 
the  characteristics  of  local  apparently  random  long 
period  ground  Tilts,  instruments  were  built  and 

PLACED  AT  AN  EXISTING  TEST  SITE  BUILDING  AT  WESTON, 
MASS.  TO  CONTINUOUSLY  MONITOR  AND  RECORD  THE  GROUND 

tilts.  These  tilt  recordings  were  then  compared 

WITH  SOME  OF  THE  MANY  KNOWN  SOURCES  OF  DISTURBANCES 
FOR  determining  ANY  CORRELATIONS  BETWEEN  THE  SOURCES 
AND  the  tilts.  (AUTHOR)  (It) 
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GRUMMAN  AEROSPACE  CORP  BETHPAGE  N Y RESEARCH  DEPT 

A STATISTICAL  ANALYSIS  OF  THE  A-6A 

inertial  navigation  system.  (f) 

Descriptive  notej  research  memo.» 

JUN  71  22P  GRAN.RlCHARD  I 

REPT.  no.  RM-Sll 

monitor:  GICEP  347.00.00.00-K4-130 

unclassified  REPORT 


Descriptors:  (♦inertial  navigation,  statistical 

ANALYSIS),  (♦attack  BOmBERS.  NAVIGATIONAL  AIDS).  NOISE. 
GYRO  compasses.  DRIFT.  VECTOR  ANALYSIS. 
MATRICES(MATHEMATICS) . analysis  of  variance,  errors, 
aircraft  carriers  (II) 

Identifiers:  a-6  aircraft,  a-ga  aircraft,  closed  loop 
systems*  control,  control  systems,  sins,  computer 
AIDED  analysis  (U) 

THE  REPORT  DESCRIBES  A STATISTICAL  ANALYSIS  OF  THE 
GYRO-COMPASS  MODE  OF  THE  A-6A  INERTIAL  NAVIGATION 

system.  The  inertial  system  is  assumed  to  have 
various  stochastic  perturbations  caused  by  gyroscope 
drifts,  accelerometer  drift,  and  a white  measurement 
noise  from  the  shi^  inertial  navigation  system 
(SINS),  the  result  of  The  analysis  is  the 

VARIANCE  IN  ThE  ESTIMATE  OF  ThE  GYROSCOPIC  DRIFT  DUE 
to  the  ASSUMED  STOCHASTIC  PROCESSES.  THE  ANALYSIS 
OF  the  SYSTEM  AS  PROVIDED  BY  THE  GROUND  SUPPORT 

department  showed  that  The  system  was  unstable  as  it 
STOOP.  A change  in  ONE  OF  THE  FEEDBACK  GAINS  WAS 
MADE  SO  AS  TO  STABILIZE  THE  GYRO-COMPaSS  LOOP. 

THEN,  an  analysis  OF  THE  RESULTING  LOOP  SHOWED  A 
maximum  ERROR  <1  SIGMA>  OF  9.9  DEGREES/HR  DUE  TO 
ALL  OF  THE  ASSUMED  NOISES.  (AUTHOR)  (U) 
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CALIFORNIA  UNIV  LOS  ANGELFS  SCHOOL  OF  ENGINEERING  AMP 

applied  science 

A SIPPLIFIFD  technique  FOR  ERROR  ANALYSIS  OF 
ROCKET  BOOST  INERTIAL  NAVIGATION  SYSTEMS. 

(II)  J 

SEP  66  7P  STEAR. EDWIN  B.  ILEMAY. 

JOSEPH  L.  INESBIT.RICHARD  A.  I 
Contract;  af-afosr-699-65 
PROJ:  AF-9749 

monitor:  AFOSR  Tr-71-1994 

unclassified  report 

availability:  pub.  in  AiaA  JNL.»  vs  N1  P145-150 
JAN  67. 

Supplementary  note:  revision  of  report  dated  2 apr  65. 
prepared  in  cooperation  with  aerospace  corp..  el 

SEGUNDO»  CALIF.  AND  BECKMAN  INSTRUMENTS»  IfjC.. 

SANTA  MONICA.  CALIF. 

descriptors:  (♦inertial  navigation,  errors),  (♦booster 

ROCKETS»  inertial  NAVIGATION).  LAUNCH  VEHICLES.  ROCKET 
TRAJECTORIES.  INJECTION  GUIDANCE.  LOW  ORBIT 
TRAJECTORIES.  DIFFERENTIAL  EQUATIONS.  NUMERICAL 
ANALYSIS  (U) 

A DISCUSSION  IS  GIVEN  OF  LINEAR  PERTURBATION 
EQUATIONS  FOR  ERROR  ANALYSES  oF  INERTIAL  NAVIGATION 
SYSTEMS  USED  IN  ROCKET  BOOST  FLIGHTS.  IT  IS  SHOWN 
THAT  A time-invariant  SET  OF  LINEAR  PERTURBATION 
EQUATIONS  RESULTS  UNDER  APPROPRIATE  CONDITIONS  BY 
JUDICIOUS  SELECTION  OF  COORDINATE  SYSTEMS.  THESE 
EQUATIONS  ARE  DERIVED  AND  DISCUSSED.  CLOSED-FORM 
solutions  are  given  in  both  exact  and  approximate 
FORMS.  THE  ADVANTAGES  OF  THESE  EQUATIONS  OVER  MORE 
commonly  used  linear.  Time-varying  equations  (that 

RESULT  FRO»  USE  OF  A DIFFERENT  COORDINATE  SYSTEM) 

ARE  that  they  MaKE  ANALOG  SIMULATION  ATTRACTIVE 
(EVEN  WITH  EXACT  FORCING-FUNCTION  PROFILES).  AND 

They  provide  much  more  analytical  insight  into  the 
ERROR  sensitivities.  THE  BASIC  ACCURACY  OF  THE 
time-invariant  equations  is  illustrated  by  means  of 
AN  example.  (AUTHOR)  (II) 
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foreign  technology  div  wright-patterson  afr  Ohio 

possible  principles  of  the  construction  of 

inertial  navigation  systems.  no 

JAN  71  15P  DEVYANIN.E,  A.  > 

REPT.  NO.  FTD-MT-24-302-70 
PROJ;  FTD-6n50201 
Task:  dia-T65-o5-20a 

unclassified  report 

Supplementary  note:  edited  machine  trans,  of  mekhamika 

TVERDOGO  tela  (USSR)  N6  PlO-14  1969.  BY  K.  L.  • 

DION. 

descriptors:  (♦inertial  navigation,  mathematical 

ANALYSIS).  STABILIZED  PLATFORMS*  GRAVITY,  EQUATIONS  OF 
MOTION.  TRAMSFORMATIONS(MATHEMATICS) . ERRORS.  USSR  (U) 
IDENTIFIERS;  TRANSLATIONS  (U) 

certain  possible  layouts  of  inertial  navigational 

SYSTEMS  WITH  THREE  NEWTONOMETERS  AND  A DEVICE  TO 
MEASURE  THE  DISTANCE  TO  THE  SURFACE  OF  THE  EARTH  ARE 

examined,  analysis  is  Reduced  to  the  following 
assumptions:  the  earth  is  held  to  be  a spmfre.  its 
FIELD  OF  gravity  IS  CENTRAL)  iT  IS  PROPOSED  THAT  AN 
OBJECT  MOVES  aT  A CONSTANT  DISTANCE  FROM  ITS  SURFACE J 
instrument  errors  in  the  navigation  system  ARE  NOT 

considered,  in  the  following  hypothesis  equation 
OF  the  ideal  operation  and  equations  of  the  errors  oc 
the  navigational  systems,  differing  from  known 
ERRORS*  are  obtained.  ThE  EQUATIONS  OF  ERRORS  ARE 
analyzed  for  very  simple  motions  of  The  object. 

(AUTHOR)  (u) 
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southern  METHODIST  UNlV  DALLAS  TEX  INFORMATION  AND  CONTROL 
SCIENCES  center 

ESTIMATION  OF  MULTI-INPUT  SYSTEMS  WITH 

•NOISELESS'  OUTPUTS*  (U) 

NOV  70  22P  BROWNfRiCHAKD  J.  ISAGE* 

ANDREW  P.  ) 

Contract:  f44620-68-c-o023 

PROJ:  aF-9559 

monitor;  afosr  TR-71-2212 

unclassified  report 

availability:  pub.  in  international  jnl.  of 
systems  science*  VI  N4  P381-401  1971. 

descriptors;  (♦inertial  navigation*  DOPPLER  SYSTEMS)* 
(♦ADAPTIVE  control  SYSTEMS*  MATHEMATICAL  MODELS)*  LINEAR 
SYSTEMS*  matrix  ALGEBRA*  SET  THEORY*  WHITE  NOISE* 

ERRORS*  ANALYSIS  OF  VARIANCE*  ALGORITHMS  (U) 

Identifiers;  kaLman  filters*  ♦control  theory*  discrete 
SYSTEMS*  estimation  THEORY  (h) 

A procedure  is  presented  for  linear  discrete  SYSTEM' 

STATE  estimation  IN  WHICH  THE  OBSERVATION  DOES  NOT 

contain  additive  white  noise,  the  order  of  the 

SYSTEM  FOR  ESTIMATION  IS  REDUCED  ACCORDING  TO  THE 
NUMBER  OF  NOISELESS  OUTPUTS  AND  NOISELESS  OUTPUT 
differences. (here  noiseless  implies  the  absencf  of 
white  NOISE).  The  advantage  of  this  approach  is 
ITS  general  application,  unlike  earlier  methods* 

IT  IS  NOT  necessary  FOR  THE  NOlSE  STATES  TO  BE 
separable  or  even  distinguishable  from  other  system 
STATES.  A systematic  APPROACH  TO  THE  FORMULATION  OF 
THE  required  estimation  MODEL  FROM  A GENERAL  SYSTEM 
MODEL  IS  presented.  FOR  THE  MODIFIED  ESTIMATION 
MODEL*  REQUIRED  FILTERING  ALGORITHMS  ARE  DERIVED 
WHICH  are  of  essentially  THE  SAME  COMPLEXITY  AS  THF 
USUAL  white  noise  ALGORITHMS.  DIRECT  ESTIMATION  OF 
THE  ORIGINAL  SYSTEM  STATES*  USING  THE  REDUCED  ORDER 
SYSTEM  FOR  CALCULATION  OF  GAINS  AND  ThE  REQUIRED 
ERROR  VARIANCES*  IS  DESCRIBED.  MODELLING  ERRORS 
OFTEN  OCCUR  IN  REPRESENTING  PHYSICAL  SYSTEMS*  AND 
ERROR  ANALYSIS  ALGORITHMS  ARE  DERIVED.  THE  USE  OF 
the  estimation  and  ERROR  ANALYSIS  ALGORITHMS  IS 

demonstrated  by  examples  and  the  results  compared 

WITH  THE  USUAL  DISCRETE  (AUGMENTED  STATES) 

KALMAN  FILTER  APPROACH*  (AUTHOR)  UU 
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southern  METHODIST  UNIV  DALLAS  TEX  INFORMATION  AND  CONTROL 
SCIENCES  center 

estimation  using  stochastic  feedback  with 

applications  to  integrated  navigation 

systems.  mi) 

SEP  70  13P  brown. RICHARD  J.  ISAGE, 

ANDREW  P.  » 

contract:  F44620-68-C-0n23 
PROj;  aF-9559 

MONITOR;  AFOSR  Tr-71-2238 

unclassified  report 

availability:  pub.  in  ieee  transactions  on 
aerospace  and  Electronics  vaes-7  n2  P355-366  mar 

71. 

DESCRIPTORS:  (♦adaptive  control  systems*  mathematical 
MODELS)*  (♦inertial  NAVIGATION,  INTEGRATED  SYSTEMS)* 

LINEAR  SYSTEMS*  ANALYSIS  OF  VARIANCE*  STOCHASTIC 
PROCESSES,  feedback,  WHITE  NOISE,  OPTIMIZATION  (U) 

identifiers;  kalman  filters,  ♦control  theoky, 
estimation  theory,  feedback  control  (II) 

THE  paper  discusses  AN  APPROACH  TO  LINEAR 
estimation  through  use  OF  A ’CONTROL’  FEED  BACK  INTO 
THE  SYSTEM  TO  CANCEL  OUT  THE  EFFECT  OF  DISTURBANCES 
OF  ERROR  signals,  ALTHOUGH  THIS  APPROACH  HAS  VERY 
RESTRICTED  APPLICATION*  IT  HAS  FOUND  IMPORTANT  USAGE 
IN  integrated  navigation  s-ystems  where  one  subsystem 
IS  AN  inertial  measurement  system,  this  approach 
IS  SHOWN  TO  BE  SUBOPTIMal  AND  IS  COMPARED  WITH  THE 
optimal  with  respect  TO  estimation  ACCURACY  AND 
SENSITIVITY  TO  MODELING  ERRORS.  THE  FEEDBACK 
APPROACH  TO  estimation  ACCURACY  AND  SENSITIVITY  TO 
MODELING  ERRORS.  THE  FEEDBACK  APPROACH  TO 

estimation  is  Shown  to  be  similar  to  error  estimation 
AND  correction  applied.  FOR  DISCRETE  ESTIMATION 
USING  The  feedback  approach  it  is  shown  THAT  ERROR 
VARIANCE  AND  kALMAN  GAINS  FOR  ONF-STAGE  PREDICTION 
SHOULD  BE  USED.  TWO  EXAMPLES  ARE  CONSIDERED  WHICH 
COMPARE  THE  FEEDBACK  APPROACH  TO  THE  OPTIMUM 

estimation  approach,  the  system  of  the  first 
example  is  quite  simple,  but  PROVIDES  SIMPLE 
ANALYTICAL  COMPARISONS  AXIS  INERTIAL  GUIDANCE  SYSTEM 
AND  «N  independent  POSITION  MEASURING  SYSTEM. 

ACCURACY  AND  SENSITIVITY  TO  MODELING  ERRORS  ARE 

compared,  other  advantages  and  disadvantages  of 
The  two  estimation  approaches  are  discussed. 

(AUTHOR)  (11) 
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JUL  71  8P  ZIMIN»K.  ISHABAROV.L.  t 

REPT.  NO.  F5TC-HT-23-1264-71 
PROj:  FSTC-T7023012301 

unclassified  report 

Supplementary  note:  trans.  of  starshina-serzhant 

(USSR)  N2  P20-22  1971. 

descriptors:  (•gyro  stabilizers*  *TRAININ6  DEVICES)* 

(♦TANKStCOMBAT  VEHICLES)*  INERTIAL  NAVIGATION)#  MILITARY 

training*  steering,  electrical  equipment,  variable  spffd 

DRIVES.  CONTROL  PANELS.  USSR  (U) 

identifiers:  translations  (U) 

AN  ATTACHMENT  TO  TANK  OR  TANK  TRAINER  DIRECTIONAL 
GYROS  FOR  training  USE  IS  DESCRIBED.  (U) 
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ballistic  research  labs  ABERDEEN  PROVING  GROUND  MD 

the  effect  of  gravity  On  a liquid-filled 

GYROSCOPE.  <U) 

DESCRIPTIVE  note:  MEMORANDUM  RePT.. 

MAR  71  18P  D»AMIC0»WILLIAM  P.  » 

REPT.  NO.  BRL-mR-2097-REV 
PROj;  ROT/E-1T-061102-A-33-D 

unclassified  report 

Supplementary  note:  revision  of  report  dated  mar  7i. 

AD-72S  571. 

descriptors:  (•gyroscopes#  equations  of  MOTION)# 
(♦inertial  navigation#  gyro  stabilizers),  gravity# 
force ( mechanics ) # moments#  stability  (U> 

the  effect  of  Gravity  as  a simple  vertical  body 
FORCE  WAS  included  IN  ThE  STEADY  STATE  PRESSURE 
DISTRIBUTION  OF  A RAPIDLY  SPINNING  LIQUID.  FOR  THE 
SIMPLE  CASE  OF  A COMPLETELY  FILLED  CYLINDER.  THE 
CLASSICAL  liquid-filled  GYROSCOPE  STABILITY  PROBLEM 

WAS  considered,  analysis  showed  that  the  liquid 
eigenfrequencies  were  identical  to  the  STF.WARTSON 
case  and  that  a new.  but  second  order,  liquid  moment 
term  resulted,  (author)  (ti) 
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MOORE  SCHOOL  OF  ELECTRICAL  ENGINEERING  PHILADELPHIA 
PA 

INERTIAL  navigation  TASk.  <U) 
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descriptors:  <*HELIC0PTERS»  ♦inertial  navigation) , ARPY 
aircraft#  stabilized  platforms#  sensors#  gyro  compasses# 
DOPPLER  systems*  ALIGNMENT#  CALIBRATION  <U) 

Identifiers:  closed  loop  control  systems#  kalman 
FILTERS*  ♦strapped  DOWN  GUIDANCE  SYSTEMS#  COMPUTER 
AIDED  design  (U) 

THE  REPORT  IS  The  FINAL  REPORT  FOR  THE  TASK  ON 
RESEARCH  IN  ThE  AREA  OF  INERTIAL  NAVIGATION, 

The  report  summarizes  the  results  of  the  main 

OBJECTIVES  WHICH  WERE  Tq  DETERMINE  THE  FEASIBILITY  OF 
USING  A STRAPDOWN  INERTIAL  SYSTEM  ABOARD  A 
helicopter*  to  simulate  systems  WHICH  employ  INERTIAL 
ELEMENTS)  AND  TO  DETERMINE  IMPROVED  TECHNIQUES  TO 
APPLY  aided  inertial  NAVIGATION  TO  ARmY  AIRCRAFT. 
(AUTHOR)  (U) 
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TRANSPORTATION  SYSTEMS  CENTER  CAMBRIDGE  MASS 

The  impact  of  inertial  navigation  ON  AIR 
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Descriptive  note:  technical  rept., 

MAY  71  26P  HERSHKOWITZrR.  M,  ; 
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REPT.  ^'0.  TSC-FAA-71-5 

unclassified  report 


descriptors;  (^AIR  traffic,  aviation  safety).  (*AVIATI0N 
safety,  ♦inertial  navigation),  stabilized  platforms. 

GYRO  stabilizers.  FLIGHT  PATHS,  ERRORS,  MATHEMATICAL 
models,  NAVIGATION  COMPUTERS  (U) 

Identifiers:  ♦collision  risk,  computerized 

SIMULATION  (u) 

AN  analysis  of  INERTIaL  NAVIGATION  SYSTEM 
performance  data  was  carried  OUT  TO  ASSESS  THE 

probable  impact  of  inertial  navigation  on  THE 
aircraft  collision  RISK  IN  THE  NORTH  ATLANTIC 
region,  these  data  were  used  to  calculate  the 
collision  risk  between  two  aircraft  flying  at  the 
SAME  nominal  FLIGHT  LEVEL  ON  ADJACENT  TRACKS.  THE 
INERTIAL  SYSTEM’S  ERROR  SOURCES  ARE  TREATED  IN  A 

statistical  sense  to  infer  the  en  route  error 

BEHAVIOR  FROM  THE  TERMINAL  ERROR  DATA.  COLLISION 
RISK  ESTIMATES  ARE  DERIVED  FOR  EASTERLY  AND  WESTERLY 
transatlantic  flights.  (AUTHOR)  (U) 
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transportation  systems  center  Cambridge  m'Ss 

OCEANIC  surveillance  ANQ  NAVIGATION  ANALYSIS* 

FY  71,  (U) 

descriptive  note:  final  technical  rept.» 

JUN  71  83P  HERSHKOWITZfRONALO  M,  » 

REPT.  NO.  TSC-FAA-71-13 

unclassified  report 


descriptors:  (*inertial  navigation*  ♦civil  aviation)* 

(♦AVIATION  safety*  AIR  TRAFFIC)*  (♦AIR  TRAFFIC  CONTROL 
SYSTEMS»  ATLANTIC  OCEAN)*  AVIATION  ACCIDENTS*  FLIGHT 
PATHS*  separation*  MODELS (SIMULAT IONS ) * STANDARDS  (U) 

the  report  summarizes  The  oceanic  surveillance  AND 
navigation  analysis  performed  at  TRANSPORTATION 
SYSTFmS  center  under  PPA  fa-04  for  FY  71. 

THREF  Major  efforts  are  reviewed  and  discussed 
herein*,  summary  of  the  north  ATLANTIC 
SYSTEMS  PLANNING  GROUP  COLLISION  RISK  MODEL)  A 
STUDY  OF  THE  IMPACT  OF  INERTIAL  NAVIGATION  ON  AIR 
SAFETY*  AN  INVESTIGATION  OF  ThE  MODELING  TECHNIQUES 
required  TO  ASSESS  THE  EFFECT  OF  AIR  TRAFFIC  CONTROL 
satellite  surveillance  on  separation  standards  in  THE 
north  ATLANTIC  REGION.  (AUTHOR)  (U) 
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MASSACHUSETTS  INST  OF  TECH  CAMBRIDGE  MEASUREMENT  SYSTEMS 
LAB 


assessment  of  The  impact  of  gradiometeR 

techniques  on  The  performance  of  inertial 

navigation  systems.  (u) 


descriptive  note:  final  REPT.  1 FEB-31  JUL  71. 

SEP  71  145P  BRITTInG. KENNETH  R.  JMADDEM. 

STEPHEN  J.  » jR. IHILDEBRANT.RICHARD  A.  » 

REPT.  MO.  RF-78 
Contract:  fi9628-71-c-oio5 
PROj;  AF-8607 

Task:  bgoto? 

monitor;  AFCRL  71-0465 

unclassified  report 


descriptors:  (♦inertial  navigation.  RELIABILITY). 

ERRORS.  NAVIGATION  COMPUTERS.  STABILIZED  PLATFORMS. 
GRAVITY.  ACCELERATION.  RANDOM  VARIABLES.  CORRELATION 
techniques.  MATHEMATICAL  MODELS*  COMPUTER  PROGRAMS  (U) 

Identifiers:  computer  aided  analysis,  computerized 

SIMULATION  (U) 

A parametric  study  is  Performed  to  compare  the 
geodetic  induced  errors  in  inertial  navigation 

SYSTEMS  WITH  THE  ERRORS  INTRODUCED  BY  THE  ’MAJOR 
INERTIAL  instrument  UNCERTAINTIES.  THREE 
performance  classes  of  inertial  systems  are  studied  - 
production,  state-of-the-art.  and  future,  it  is 
FOUND  That  the  geodetic  induced  errors  have  a 
proportionally  greater  effect  on  the  velocity 
performance  than  on  the  position  performance,  even 
FOR  the  production  SYSTEMS.  ThE  GEODETIC  ERRORS  ARE  A 
LARGE  percentage  OF  THE  TOTAL  VELOCITY  ERROR  (ABOUT 
50*).  an  inertial/gradiometer  system  is 
simulated  in  which  THE  DEFLECTIONS  OF  THE  VERTICAL 
ARE  computed  AND  USED  FOR  COMPENSATION  OF  THE 
inertial  system.  (AUTHOR)  (H) 
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FOREIGN  technology  DIV  WRIGHT-PATTERSON  AFB  OHIO 

INERTIAL  navigation  SYSTEMS»  (U) 

OCT  71  225P  GORENShTEIN»I.  A.  jSHULWANt 

I.  A.  I 

REPT.  NO.  FTD-hC-23-327-71 
PROJ;  AF-6050 

Task:  605020»  dIA-T65-05-20 

unclassified  report 

Supplementary  note:  edited  trans,  of  mono,  inertsyalnye 

NAVIGATSIONMYE  SiSTEMY.  N.P..  lP70  Pl-164. 

descriptors:  (^inertial  navigation,  reviews), 
instrumentation,  sensors,  navigational  aids, 
accelerometers,  algorithms,  electromagnetic  fields, 
stabilized  platforms*  USSR  (U) 

Identifiers:  translations  o-) 

THE  FOOK  PRESENTS  THE  THEORETICAL  PRINCIPLES 

underlying  inertial  navigation  and  describes  the 

BASIC  functional  ELEMENTS  OF  INERTIAL  NAVIGATION 

systems  (INS),  general  and  specific 
representations  of  the  algorithm  for  determining  thf 
running  coordinates  of  an  object  are  examined  as 
applied  to  certain  practically  important  methods  of 
construction  ins.  their  classification,  analysis 
OF  ERRORS,  preparation  FOR  OPERATION.  AND  ALSO 
\ problems  of  protecting  ins  from  external  sources. 

I (AUTHOR)  fu) 
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ad-  7iU  920  17/7 

foreign  technology  DIV  WRIGHT-PATTERSON  AFP  OHIO 

errors  in  a system  for  the  autonomous 
determination  of  the  coordinates  of  a moving 

OBJECT  IN  THE  PRESENCE  OF  DRY  FRICTION*  (U) 

OCT  71  lOP  B0ICHUK»0,  P.  » 

REPT.  NO.  FTD-HC-23-880-71  1 

PROJ:  AF-7343  ^ 

unclassified  report 

supplementary  note;  unedited  rough  draft  Trans,  of  i 

AKAOEMIYA  NAUK  USSR.  KIEV.  DOPOVIDI.  SERIY'v  ' 

a:  FISIKO-TEKHNICHNI  TA  MATEMATICHNI  NAUOKI.  N7 

P620-624  1970.  j 

descriptors;  (♦inertial  navigation.  ACCELEROMETERS) . ^ 

ERRORS,  stability.  MATHEMATICAL  ANALYSIS.  GYROSCOPES. 

FRICTION.  USSR  (U) 

Identifiers;  translations  (id  i 

AN  investigation  OF  A ONE  COMPONENT  VARIANT  OF  AN  ' 

INERTIAL  navigation  SYSTEM  WITH  INTEGRAL  HORIZON 

CORRECTION  IS  GIVEN.  THE  PROPLEM  OF  DETERMINING  i 

platform  FLUCTUATION  IN  THE  PRESENCE  OF  DRY  FRICTION  1 

IN  THE  ACCELEROMETER  l5  FORMULATED.  AND  ATTENTION  IS  j 

GIVEN  TO  THE  ERRORS  IN  AUTONOMOUS  COORDINATE 

determination.  (AUTHOR)  (U)  j 
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LIGHT  evaluation  OF  INERTI AL/DME/DME/  MAP 

display  system.  (II) 

DESCRIPTIVE  mote:  REPT,  NO.  ll  (FINAL)* 
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contract:  FA-70-WA-2379 
monitor:  FAA-RD  7i_46 

unclassified  report 

Supplementary  note;  see  also  pept.  no.  lo  (pinad 
ad-711  951. 

descriptors:  (*inertial  navigation*  display  systems)* 
(♦POSITION  finding*  DISPLAY  SYSTEMS)*  (•DISPLAY  SYSTEMS* 
MAP  PROJECTION) » DISTANCE-MEASURING  EQUIPMENT*  AIRCRAFT 

equipment*  accuracy*  flight  testing*  maps  (U) 

Identifiers;  ♦map  displays*  avionics*  evaluation  (u) 

A MAP  Display  driven  by  an  ins/dme/dme 
navigation  system  was  Flown  in  a convair  seo  over 
the  united  states  area  for  evaluation  of  map 
presentation*  map  film  content»  cockpit  navigation 
USE*  aTc  interface*  and  area  nav  in  departure, 

ENROUTE  and  APPROACH  OPERATIONS.  THE  MAP  DISPLAY 

WAS  demonstrated  and  evaluated,  map  film  content 
included  hi  altitude*  Low  altitude*  area 

CHARTS*  JEPPESEN  CHARTS*  R NAV*  JNC 

topography  plus  vor  and  ILS  approach  plates.  (U) 
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ARMY  electronics  COMMAND  FORT  MONMOUTH  N J 

selected  approaches  to  measurement  processing 

AND  implementation  IN  KALMAN  FILTERS.  (U) 

descriptive  note:  research  and  development  technical 

REPT.f 

NOV  71  35P  KNIGHT»J.  »LIGhT»W.  I 

FISHFR»M.  I 
REPT.  N0»  ECOM-3510 

PROJ:  DA-I-F-162202-AA-SI 

Task:  i-f-i622o2-aa-9io2 

unclassified  report 


descriptors;  (♦inertial  navigation*  ♦LORAN)* 
mathematical  models*  simulation*  algorithms* 

PROGRAmMING(COmPUTERS)  (!') 

identifiers;  signal  processing*  ♦KALMAN  FILTERS  (U) 

selected  implementations  of  KALMAN  FILTERS  FOR 
A loran/inertial  navigation  system  are  presented. 

THE  APPROACHES  DIFFER  IN  THE  TECHNIQUES  EMPLOYED 
FOR  PROCESSING  MEASUREMENTS  OF  THE  SYSTEM. 

simulation  results  are  compared  and  indicate  the 
relative  differences  in  position  accuracies  OF  EACH 
TYPE  OF  FILTER.  FROM  THESE  RESULTS* 
recommendations  are  made  as  to  future  KALMAN 
mechanizations  and  evaluation  criteria.  (AUTHOR)  (U) 


74 

"NCLASSIFIEP 


70M'^7 


A 


unclassified 


UDC  report  bibliography  search  control  no.  70M07 
ad-  736  515  17/7 

national  aviation  facilities  experimental  center  ATLANTIC 

CITY  N J 

INERTIAL  LOCATOR  TEST  AND  EVALUATION,  (U) 

descriptive  note:  final  REPT.  JUN  69-SeP  71 » 

FEB  72  81P  WALLSfjOHN  E.  I 

REPT.  NO*  FAA-NA-72-32 
PROJ:  FAA-212-301-03X 
MONITOR:  FAA-RD  72-3 

unclassified  report 


descriptors;  (♦inertial  navigation#  position  FINDING), 
instrumentation#  aircraft,  radio  equipment,  radio 

NAVIGATION,  DATA  PROCESSING,  FLIGHT  TESTING  (U) 

Identifiers:  evaluation  «u) 

A feasibility  model  OF  AN  INERTIAL  LOCATOR 
equipment  (ILE)  was  designed  TO  provide  aircraft 
POSITION  information  and  on-board  computer  data 
PROCESSING  for  FLIGHT  INSPECTION  OF  VOR,  TACAN, 

VORTAC,  AND  IlS  FACiLTlES.  FOLLOWING  EQUIPMENT 

installation  and  preliminary  flight  tests  at  the 

CONTRACTOR’S  FLIGHT  FACILITY  LOCATED  ON  HANSCOM 
FIELD,  CONTRACTOR/NAFEC  DEVELOPMENTAL  TESTS  WERE 
conducted  at  ATLANTIC  CITY,  NEW  JERSEY,  USING 
NAFEC’S  theodolite  and  RADAR  TRACKING  AND  COMPUTER 

facilities,  the  developmental  test  effort 
concentrated  on  system  performance  in  accomplishing 
ILS  FLIGHT  inspection.  THIS  REPORT  EVALUATES 
ILE  performance  based  ON  DATA  COLLECTED  DURING 
DEVELOPMENTAL  TESTING.  (AUTHOR)  (U) 
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IOWA  state  UNIV  AMES  ENGINEERING  RESEARCH  INST 

KALMAN  FILTER  WITH  COMPLEMENTARY  CONSTRAINT 
AND  INTEGRATED  NAVIGATION  SYSTEMS 

applications.  »n) 

Descriptive  note;  technical  rept., 

FEB  72  153P  0TT»L.  E.  JBROwN»R.  G.  f 

REPT.  no.  ER 1-72022 
contract;  N00014-68-A-0162 
PROJ;  ERI-712-S 

unclassified  report 

Supplementary  note;  report  on  project  themis. 
automatic  navigation  and  control. 

descriptors:  (♦inertial  navigation»  instrumentation), 
(♦adaptive  control  systems,  mathematical  models), 
electromagnetic  wave  filters,  differential  equations. 
matriceS(mathematics) . Transfer  functions,  white  noise, 
signal-to-noise  ratio,  data  processing,  optimization, 
theses  ' (U) 

Identifiers;  wiener  filters,  riccati  equation,  signal 
processing,  kalman  filters,  kalman-bucy  filters. 

THEMIS  PROJECT.  ♦CONTROL  THEORY  (U) 

The  report  presents  a method  of  navigation  system 

INTEGRATION  THAT  YIELDS  AN  OPTIMAL  SYSTEM  REGARDLESS 
OF  THE  particular  REDUNDANCY  JN  AVAILABLE  SENSOR 
i DATA.  The  proposed  mechanization  IS  BASED  ON  THE 

■ CRITERION  THAT  THE  STATISTICS  OF  THE  SIGNAL  ARE 

UNKNOWN.  THIS  RESULTS  IN  THE  CONCEPT  oF 
DISTORTIONLESS  OR  COMPLEMENTARY  FILTERING*  AN 
EXTENSIVE  REVIEW  OF  THIS  CONCEPT  IS  PRESENTED. 

WHEN  THE  measurement  ERRORS  FoR  THE  KALMAN  FILTER 
ARE  independent.  IT  IS  SHOWN  THAT  THE  INPUTS  CAN  BE 
PROCESSED  SEQUENTIALLY*  EVEN  WITH  THE  COMPLEMENTARY 
constraint  IMPOSED.  THUS.  IF  THERE  IS  AN  INPUT 
that  is  not  available,  it  is  SIMPLY  PASSED  OVER.  AND 
AN  OPTIMAL  estimate  IS  STILL  OBTAINED  FROM  THE 
REMAINING  INPUTS.  THIS  EVEN  ALLOWS  FOR  A FAILURE 
IN  THE  inertial  NAVIGATION  UNIT  ITSELF*  WHFREAS  IN 
MOST  hybrid  inertial  SYSTEMS  TO  DATE  THIS  WOULD  HE 
; IMPOSSIBLE.  (AUTHOR)  (U) 
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alignment.  <U) 

DESCRIPTIVE  note:  TECHNICAL  REPT.» 

FEB  72  97P  VANALLENtR.  L.  »BROWN»R. 

G.  > 

REPT.  no.  ISU-ERI-AMES-72023 
contract:  N00014-68-A-0162 
PROJ;  ERI-712-S 

unclassified  report 

supplementary  note;  report  on  project  THEMIS. 
automatic  navigation  and  control. 

descriptors:  (♦inertial  navigation,  alignment), 
{♦navigational  aids,  mathematical  MODELS).  DIFFERENTIAL 
equations,  recursive  functions.  MaTRICES(MATHEMATICS) . 
stochastic  processes,  accelerometers,  gyro  stabilizers. 
WHITE  NOISE,  computer  PROGRAMS.  CURVE  FITTING  (U) 

identifiers;  ♦kalman  filters,  themis  project  (U) 

IN  ANY  inertial  NAVIGATION  SYSTEM  THE  PLATFORM  MUST 
BE  initially  aligned  in  SOME  KNOWN  FRAME  OF  REFERENCE 
PRIOR  TO  operation  IN  ThE  NAVIGATION  MODE.  SELF- 
ALIGNMENT METHODS  ARE  PREFERRED  IN  MOST  APPLICATIONS. 
AND  the  USUAL  PROCEDURE  IS  TO  ALIGN  THE  PLATFORM 
locally  level  with  one  accelerometer  AXIS  POINTING 
north,  in  the  CURRENT  GENERATION  OF  AIRCRAFT 
inertial  systems  the  sensed  acceleration  is  IN  THE 
FORM  OF  incremental  VELOCITY  PULSES.  A NEW 

approach  to  The  alignment  problem  is  consioered  in 
THIS  report  whereby  THE  INCREMENTAL  VELOCITY  PULSES 
ARE  MODELED  DIRECTLY  AS  THE  MEASUREMENT  SEQUF.NCE. 

THIS  leads  to  Three  important  changes  in  the  filter 
model:  aperiodic  sampling  is  obtained) 
measurement  noise  due  to  GRANLARITY  is  ELIMINATED) 

AND  A delayed  STATE  APPEARS  IN  THE  MEASUREMENT 
EQUATION,  this  LATTER  CONDITION  FORCES  THE  USE  OF 
A modified  form  of  the  KALMAN  RECURSIVE  EQUATIONS. 
RESULTS  OF  MONTE  CARLO  SIMULATIONS  FOR  ONE  SET 
OF  NOISE  parameters  ARE  GIVEN.  (AUTHOR)  (U) 
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aerospace  corp  el  segundo  calif  engineering  science 

OPERATIONS 

techniques  FOR  GENERATING  A ’REAL  W0RLD» 

EPHEMERIS.  (U) 

DESCRIPTIVE  MOTE*.  REPT.  FOR  1 jAN  71-1  JAN  72. 

JUL  71  118P  PERSON »J.  A.  IBRUCr.R. 

W.  »G0RE»R.  C.  f 
REPT.  NO.  T'?-0l72(23ll)-4 
contract:  F04701-71-C-0172 
monitor;  SAMSO  Tr-71-237 

unclassified  report 


descriptors:  (*low  orbit  trajectories,  mathematical 

MODELS).  {♦SATELLITES(aRTIFICIAL) . INERTIAL  NAVIGATION) . 

atmosphere  models,  gravity,  drag.  EPHEmERIDES.  SPECIAl 
FUNCTI0NS(MATHEMATICAL)»  computer  programs  (U) 

Identifiers:  geopotfntial  ud 

the  report  documents  the  procedure  for  GEtJERATING  A 

REAL  WORLD  EPHEMERIS  TAPE  TO  BE  USED  pY  THE 

aerospace  corporation  And  selected  contractors  in 

PHASF  0 OF  The  AUTONOMOUS  NAVIGATION  SYSTrw 
(ANS)  CONTRACT.  A REAL  WORLD  GEOPOTENTIAL  MODEL 
WAS  developed  by  modifying  a STATE-OF-ThE-ART 
REFERENCE  GEOPOTENTIAL»  USING  KAULA'S  DEGREE 
VARIANCES  AS  A GUIDE.  To  OBTAIN  REAL  WORLD 
ATMOSPHERE  DATA.  THE  ACCELERATION  PROFILE  EXPERIENCED 
BY  THE  FIRST  IN  A RECENT  SERIES  OF  LOW  ALTITUDE 

satellites  to  have  an  on-board  low-g  accelerometer 
WAS  suitably  scaled,  the  resulting  ephemepis  is 
displayed  and  Subjected  to  various  consistency  tests. 
(AUTHOR)  (U) 
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airborne  flight  inspection  inertial  locator 
equipment  development  and  flight 

evaluation.  <u) 


descriptive  note!  final  rept.* 

may  71  320P  DROHAN, william  A,  ;hURSH, 

JOHN  W.  » JOHNSON .WILL I Am  M,  »mAMON.GLENN  J 
REPT.  MO«  CSDL-R-705 
Contract:  fa-65-wa-1314 
monitor:  faa-rd  ti-ss 


unclassified  report 


descriptors:  (♦instrument  landings.  INFRTI'L 

NAVIGATION)*  (♦CIVIL  AVIATION.  ♦LANDING  AIDS).  DISTANCE 

measuring  equipment,  flight  testing,  glide  path  systems. 
RADIO  transmission.  FLIGHT  INSTRUMENTS. 

RELIABILITY(ELECTRONICS)  (U) 

identifiers;  voRTac.  voR.  tacan  *u) 

DEVELOPMENT  AND  FLIGHT  RESULTS  ARE  PRESENTED  FROM  A 
program  TO  test  feasibility  OF  USING  AN  INERTIAL 
SYSTEM  TO  PROVIDE  THE  AIRCRAFT  POSITION  REFERENCE  FOP 
performing  basic  flight  inspection  of  ILS  AND 
VORTAC  facilities.  AN  INERTIAL  LOCATOR 
equipment  was  designed,  constructed  and  INTEGRATED 

INTO  THE  SEAL  FLIGHT  INSPECTION  SYSTEM.  NUMEROUS 
flights  were  made  AT  BOTH  THE  BEDFORD  FLIGHT 

facility  of  The  m.  i.  t.  Charles  stark 

DRAPER  LABORATORY  AND  AT  NAFEC  IN  ATLANTIC 
CITY.  NEW  JERSEY.  METHODS  FOR  THE 
UTILIZATION  OF  EXTERNALLY  DERIVED  INFORMATION 
(POST-LANDING  CHECK  POINT  FOR  ILS  MODE  AND  DME 
RANGF  FOR  VORTAC  MODE)  WERE  INCORPORATED  IN  THE 
SYSTEM,  the  use  OF  THE  CORRECTED  DATA  MODE  IN  BOTH 
TYPES  OF  INSPECTION  MISSIONS  DEMONSTRATED  IMPROVEMENT 

OVER  real-time  inertial  performance,  yielding 

ACCEPTABLE  RESULTS.  (AUTHOR)  (U) 


79 

Unclassified 


Z0VO7 


Unclassified 


DDC  report  bibliography  SEARCH  CONTROL  MO.  ZOM07 
AD-  754  989  17/7 
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RAUMFAHRT  E V BRUNSWICK  (WEST  GERMANY) 

INERTIAL  navigation  SYSTEM  BASED  ON  TwO 

schuleR  gypopendulums  and  one  azimuth  gyro. 

j (U) 

71  21P  STIELER.D,  » 

REPT.  MO.  DFVLR-SONDERDRUCK-246 

UNCLASSIFIED  REPORT 

availability:  pub.  in  JAHRBUCH  OER  DGLR.  PP44-262 
1971. 

r supplementary  note:  summaries  in  french  and 

; GERMAN. 

' ! descriptors:  (♦inertial  navigation,  instrumentation). 

i gyroscopes,  detectors,  stabilized  platforms,  west 

* GERMANY  <U) 

S Identifiers:  two  degrees  of  freedom  (u) 

!- 

AN  inertial  navigation  SYSTEM  IS  DESCRIBE?  AND 

analyzed  which  IS  based  on  three  two-degref-of- 
freedom  gyroscopic  sensors,  two  of  the  sensors  are 
!;  SCHULER  GYROPENDULUMS  With  TmeIR  spin  vectors 

pointing  up  or  down,  respectively,  the  third  sensor 

IS  AN  AZIMUTH  GYRO  WITH  ITS  SPIN  VECTOR  POINTING 
northerly.  PARALLEL  TO  THE  EArTh  AXIS. 

(AUTHOR)  (U) 
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transportation  systems  CENTER  CAMBRIDGE  M/'SS 

OCEANIC  SURVEILLANCE  AND  NAVIGATION  ANALYSIS# 

FY  72.  <U) 

descriptive  NOTE**  FINAL  REPT.» 

AUG  72  76P  GAGNE f GILBERT  A.  I 

HERSHK0»» I T7» RONALD  M.  > 

REPT.  NO*  TSC-FAA-72-26 
MONITOR;  FAA-RD  72-142 

UNCLASSIFIED  REPORT 

Supplementary  note:  see  also  ad-733  75fl. 

DESCRIPTORS;  C+INERTIAL  NAVIGATION#  CIVIL  AVIATION)# 
(♦AVIATION  safety#  AIR  TRAFFIC)#  (♦AIR  TRAFFIC  CONTROL 
systems*  ATLANTIC  OCEAN)#  AVIATION  ACCIDENTS#  FLIGHT 

paths#  Separation#  models (simulations) # standards  (u) 

the  report  summarizes  The  oceanic  surveillance 
and  navigation  analysis  performed#  at  or  under 
THE  direction  OF,  THE  TRANSPORTATION  SYSTEMS 
CENTER  under  PPA  FA-204  FOR  FY72,  A 

methodology  has  been  developed  by  systems 

CONTROL#  INC.  FOR  RELATING  THE  SAFETY 
(COLLISION  RISK)  OF  THE  NORTH  ATLANTIC 
ORGANIZED  TRACK  SYSTEM  IN  THE  LATERAL  DIMENSION 

TO  The  general  characteristics  OF  THE  ON-BOARD 
navigation  system#  the  independent  satellite 
surveillance  system  and  the  ATC  PROCEDURES.  ThE 
initiation  of  This  effort  by  tsc  was  reported  in 

TR  DOT-TSC-FAA-71-13.  ThE  ANALYSIS  AND 
RESULTS  ARE  DETAILED  HEREIN.  EXTENSIONS  OF  THIS 

methodology  to  the  latitude  and  vertical  dimensions 

ARE  ALSO  DISCUSSED  AND  PRELIMINARY  RESULTS  ARE 

presented,  a study  has  ALSO  been  initiated  to 

INVESTIGATE  AND  EVALUATE  VARIOUS  CONFIGURATIONS  OF 
AIDED  inertial  NAVIGATION  SYSTEM  IN  ThE  NAT  REGION. 

THE  requirements#  GOALS  AND  CONTRACT  AWARD  FOR  THE 
STUDY  ARE  REVIEWED.  (AUTHOR)  (U) 
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one  REPOMT  niF^LlOGRAPHy  SF.APCH  CONTROL  NO.  Z0MO7 
AO-  7be  127  17/7 

advisory  group  for  aerospace  research  and  development 

PARIS  (FRANCE) 

INERTIAL  navigation  COMPONENTS  AND 

systems.  (U) 

DESCRIPTIVE  note:  CONFERENCE  PROCEEDINGS  NO.  116, 

FEB  73  413P 

REPT.  NO*  AGARD-CP-116 

unclassified  report 

Supplementary  note:  papers  presented  at  the  meeting  or 
THE  guidance  AND  CONTROL  PANEL  OF  AGARD  (15TH)» 

HELD  IN  FLORENCE#  ITALY*  2-5  OCTOBER  1R72.  NATO 

furnished, 

DESCRIPTORS:  (♦INERTIAL  NAVIGATION#  SYMPOSIA),  INERTIAL 

guidance#  INSTRUMENTATION#  GYROSCOPES#  OPTIMIZATION# 
STABILIZED  PL-ATFORMS#  GYro  COMPASSES#  ALIGNMENT# 
calibration#  cost  effectiveness*  AIR  TO  SURFACE 
MISSILES  (U) 

the  OB'IECTIVE  OF  THE  MEETING  IS  TO  PROVIDE  UP-DATED 
information  on  inertial  navigation  component  and 
system  progress#  and  Discuss  applications  and  test 

RESULTS  realized  SINCE  THE  LAST  TWO  MEETINGS  HELD  IN 

1968,  The  p*AST  four  years  have  seen  an  exponential 

INCREASE  IN  THE  USE  OF  INERTIAL  TECHNOLOGY  TO  SATISFY 
military  and  civilian  air  NAVIGATION  REQUIREMENTS# 
tactical  MID-COURSE  MlSsiLE  GUIDANCE  REQUIREMENTS# 

AND  A WIDE  VARIETY  OF  TRANSPORTATION  SYSTEMS, 

DURING  THIS  PERIOD*  TECHNIQUES  SUCH  AS  STRAPDOWN 
AND  electrostatically  SUSPENDED  CONFIGURED 
instruments  have  matured  and  their  AVAILABILITY  HAS 
BEEN  conclusively  ESTABLISHED,  THERE  HAVE  ALSO  BEEN 
•UNCONVENTIONAL*  TECHNIQUES  PRODUCED  WHICH  SHOULD  RE 

OF  interest  to  The  community,  an  important  ASPECT 
TO  The  review  is  discussion  of  CONCEPTS  AMD 
techniques  which  emphasize  the  TRADE-OFFS  dealing 
with  cost  versus  performance.  (U) 
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DDC  report  HinLIOGMAPHY  SEA«CM  CONTROL  MO.  70^07 

AU-  762  508  14/5  17/7 

AEROSPACE  guidance  AND  METROLOGY  CENTER  NEWARK  AIR  FORCE 
STATION  OHIO  advanced  WEAPONS  STANDARDS  OlV 

photographic  recording  AND  ANALYSIS  OF 

spatially  modulated  coherent  WAVEFRONTS,  (U) 


i 


descriptive  mote:  final  rept., 

FEB  70  96P  HINEBAU6H»R0BERT  LEE  > 

Rept,  mo,  70lwr-2 

unclassified  report 
supplementary  note:  MASTER'S  thesis. 
descriptors;  (★photographic  recording  systems^  ♦inertial 

NAVIGATION),  STAR  TRACKERS,  PHOTOGRAPHY,  GaS  LASERS, 

transfer  functions,  experimental  design,  thfses  (U) 
identifiers;  OPTICAL  TRANSFER  FUNCTIONS,  SPATIAL 
filtering,  helium  NEON  LASERS  (U) 

A METHOD  OF  PRODUCING  SPATIAL  FILTERS  BY  '?EC0R0IN6 
straight  LINE  FRINGE  PATTERNS  PRODUCED  BY 

interferrimg  two  laser  beams  on  spectroscopic  platfs 
IS  DISCUSSED.  Techniques  used  to  obtain  maximum 
modulation,  maximum  transmission,  and  extrfmely 
straight  fringes  are  included.  (AUTHOR)  (U) 


UNtLASblFlED 


UUC  RtHOKT  blULlOGHAHHY  SEARCH  CONTROL  NO.  Z0MO7 

AD-  766  554  17/7  9/2  1/3 

AIR  FORCE  INST  OF  TECH  WRIGHT-PaTTERSoN  AFB  OHIO  SCHOOL  OF 
ENGINEERING 

application  OF  THE  AVIONICS  MULTIPROCESSOR  TO 

inertial  navigation.  (U) 

DESCRIPTIVE  note:  MASTER»S  THESIS» 

JUN  73  165P  HAUGEN » JAMES  A.  i 

REPT.  NO.  GGC/EE/73-5 

unclassified  report 


DESCRIPTORS;  (♦NAVIGATION  COMPUTERS.  ♦INERTIAL 
NAVIGATION).  DaTa  PROCESSING.  MULTIPLE  OPERATION.  INPUT 
OUTPUT  DEVICES.  SPECIFICATIONS.  COMMAND  AND  CONTROL 
SYSTEMS,  aircraft  EQUIPMENT.  COMPUTER  PROGRAMMING.  TEST 
METHODS,  theses  (U) 

IDENTIFIERS;  ♦COMPUTERSr  ♦MULTIPLE  OPERATION. 

♦AVIONICS  (U) 

THE  BURROUGHS  AVIONICS  MULTIPROCESSOR 
SYSTEM  WAS  DEVELOPED  AS  A FLEXIBLE  AVIONICS 
COMPUTER  SYSTEM,  ITS  FLEXIBILITY  WAS  OBTAINED 
through  MICROPROGRAMMABILITY  AND  MODULARITY.  ONE 
OF  ITS  POSSIBLE  APPLICATION  AREAS  IS  INERTIAL 

navigation.  The  goal  was  to  find  the  best  system 
configuration  and  to  microprogram  it  for  inertial 

NAVIGATION.  AFTER  EXAMINING  ThE  SYSTEM 
ORGANIZATION  AND  DEVELOPING  APPLICATION 
SPECIFICATIONS.  IT  WAS  DECIDED  THAT  NAVIGATION 
COMPUTER  emulation  WAS  THE  BEST  WAY  TO  APPLY  THE 
SYSTEM  TO  navigation  DATA  PROCESSING.  THIS 
EMULATOR  IS  DEVELOPED  AND  A TESTING  SEQUENCE  SET  UP. 

A PROGRAM  WHICH  SOLVES  THE  INERTIAL  NAVIGATION 
equations  is  ALSO  DEVELOPED  FOR  THE  EMULATOR,  A 
PROGRAM  test  SEQUENCE  IS  GIVEN»  INCLUDING  TWO 
SIMULATED  TEST  FLIGHT  PATHS.  (AUTHOR)  (U) 


84 

UNCLASSIFIED 


Z0MO7 


UNCLASSIFIED 


DDC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AO-  770  072  17/7 

AEROSPACE  SYSTEMS  INC  BURLINGTON  MASS 

north  ATLANTIC  (NAT)  AlUED  INERTIAL 
NAVIGATION  SYSTEM  SIMULATION.  VOLUME  I. 

TECHNICAL  RESULTS.  (o) 

DESCRIPTIVE  note:  FINAL  REPT.  JUN  72-JAN  73» 

JUL  73  196P  HOFFMAN* WILLIAM  C.  » 

HOLLISTER.WALTER  M.  JBRITTING.KENNETH  R.  ) 

CONTRACT:  DOT-TSC-473 

monitor:  FAA-R0»TSC  73-112-V0L-1»FAA-73-23- 

VOL-1 

UNCLASSIFIED  REPORT 

supplementary  note:  see  also  volume  2*  ad-770  073. 

DESCRIPTORS:  ♦INERTIAL  NAVIGATION.  ♦AlR  TRAFFIC 
CONTROL  systems.  HYBRID  SYSTEMS.  ERRORS. 

SIMULATION.  COMPUTERIZED  SIMULATION.  ATLANTIC 
OCEAN.  AIR  TRAFFIC.  KALMAN  FILTERING.  RADIO 
NAVIGATION.  DOPPLER  NAVIGATION.  DOPPLER  RADAR  (U) 

IDENTIFIERS:  NORTH  ATLANTIC  AIR  TRAFFIC  (U) 

CURRENT  AIK  TRAFFIC  OPERATIONS  OVER  ThE  NORTH 
ATLANTIC  (NAT)  AND  THE  APPLICATION  OF  HYBRID 

navigation  systems  to  obtain  more  accurate 
performance  On  these  NAT  ROUTES  ARE  REVIEWED.  A 
digital  computer  simulation  PROGRAM  (NATNAV  - 

NORTH  ATLANTIC  NAVIGATION)  IS  DEVELOPED  TO 

evaluate  the  performance  of  Navigation  systems  for 

FUTURE  commercial  NAT  AIRCRAFT  OPERATIONS.  ERROR 
models  are  developed  for  AIDED-INERTIAL  NAVIGATION 
systems  with  external  measurements  FROM  DOPPLER 
RADAR.  OMEGA.  SATELLITE-RANGING  OR  AIR  DATA. 

(MODIFIED  author  ABSTRACT)  (U) 


unclassified 


DDC  KEHCRT  BIBLIOGRAPHY  SLARCH  CONTROL  NO.  Z0MO7 

AD-  77U  073  17/7  9/2 

AEROSPACE  SYSTEMS  INC  BURLINGTON  MASS 

NORTH  ATLANTIC  (NAT)  AIDED  INERTIAL 
navigation  system  simulation.  VOLUME  II* 

COMPUTER  program  NATNAV  USER’S  MANUAL.  (U) 

DESCRIPTIVE  note;  FINAL  REPT.  JUN  72-JAN  73* 

JUL  73  147P  HOFFMANrWiLLIAM  C.  »B0wlE» 

KATHRYN  G.  * 

CONTRACT;  DOT-TSC-473 

monitor;  FAA-RD*TSC  73-112-V0l-2»FAA-73-23- 

VOL-2 


unclassified  REPORT 

SUPPLEMENTARY  NOTE;  SEE  ALSO  VOLUME  I*  AU-770  072. 

DESCRIPTORS;  ♦INERTIAL  NAVIGATION*  ♦AIR  TRAFFIC 
CONTROL  SYSTEMS*  ♦COMPUTER  PROGRAMS*  COMPUTERIZED 

simulation*  instruction  manuals*  hybrid  systems* 

AIR  TRAFFIC*  ATLANTIC  OCEAN*  ERRORS*  RADIO 
navigation*  DOPPLER  NAVIGATION*  DOPPLER  RADAR* 

KALMAN  filtering*  FORTRAN  (U) 

IDENTIFIERS;  NORTH  ATLANTIC  AIR  TRAFFIC*  NATNAV 
computer  program*  fortran  4 PROGRAMMING  LANGUAGE* 

COC  3800  COMPUTERS  (U) 

A USER’S  manual  is  PROVIDED  FOR  PROGRAM  NATNAV 

(NORTH  ATLANTIC  NAVIGATION)*  A DIGITAL 

computer  simulation  program  DEVELOPED  TO  EVALUATE  THE 

performance  of  navigation  systems  for  future 

COMMERCIAL  NAT  AIRCRAFT  OPERATIONS.  ERROR  MODELS 
FOR  AIDED-INERTIAL  NAVIGATION  SYSTEMS  WITH  EXTERNAL 
measurements  FROM  DOPPLER  RADAR*  OMEGa* 

satellite-ranging  or  air  data  are  simulated. 

(MODIFIED  author  ABSTRACT)  (U) 
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UUC  KL^'OKT  UlbLlOGHAPHV  StAKCh  COI'JTROl  NO.  ZUM07 

AU-  770  bb9  17/7 

NAVAL  WtAPONS  LAB  OAHLGRE.N  VA 

inertial  navigation  UTILIZING  SATELLITE 

RANGE  AND  DUPPLER  OBSERVATIONS.  (U) 

DESCRIPTIVE  note;  TECHNICAL  REpT.r 

JUN  73  61P  FELL»PaTRICK  JAMLS  t 

KEPT.  NO,  NWL-TR-2975 

Unclassified  report 


UEbCRIPIOKS:  ♦inertial  navigation,  aircraft,  range 
finding,  navigation  satellites,  estimates  (U) 

IDENTIFIERS;  ESTIMATION  THEORY  (U) 

THE  APPLICATION  OF  LINEAR  ESTIMATION  THEORY  FOR  THE 

improvement  of  inertial  navigation  system  estimates 

OF  AIRCRAFT  POSITION  AND  VELOCITY  IS  DESCRIBED* 

THE  technique  USES  SATELLITE  RANGE  AND  RANGE  RATE 
(DOPPLER)  OBSERVATIONS  AND  VEHICLE  BORNE 
ALTIMETER  MEASUREMENTS  FOR  THE  CORRECTION  OF  INERTIAL 
navigation  SYSTEM  OUTPUTS  AND  FOR  THE  ESTIMATION  OF 
various  other  quantities  SUCH  AS  FREQUENCY  BIAS, 
SATELLITE  ORBIT  UNCERTAINTY  IS  INTRODUCED  INTO  THE 
SOLUTION  THROUGH  THE  MEAN  ANOMALY  UNCERTAINTY  IN  EACH 
OBSERVED  SATELLITE’S  COMPUTED  ORBIT.  A SPECIFIC 
EXAMPLE  IS  GIVEN  WHICH  USES  OBSERVATIONS  FROM  TWO 
SATELLITES.  (AUTHOR)  (U) 
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UNCLASbiFlED 


UUC  RLHOKT  UIBLIOGHAPHY  SEARCH  CONTROL  NO.  Z0M07 

AU-  77J  bkS  17/7  12/1 

IOWA  state  UNIV  AMES  ENGINEERING  RESEARCH  INST 

PROJECI  THEMIS  - AUTOMATIC  NAVIGATION  ANU 

control.  tu) 

UEbCRIPTiVE  note:  FINAL  KEPT.  SEP  b7-AUG  73* 

UEC  73  27P  BROWNrR.  G.  I 

KEPT.  NO.  ISU-ERI~AMES-73281 
CONTRACT:  N000l4-6b-A-0l62 

PKOJ:  EKi-712-S 

UNCLASSIFIED  REPORT 

supplementary  note:  see  also  report  dated  FEB  72*  ad- 

737  33b. 

descriptors:  *inertial  navigation*  •control  Theory, 
Kalman  filtering*  estimates*  differential 
equations*  daTa  processing*  reports  (U) 

identifiers:  Themis  project*  estimation 
Theory  (u) 

THE  REPORT  SUMMARIZES  THE  TECHNICAL  ACCOMPLISHMENTS 
OF  the  THEMIS  PROGRAM  ON  AUTOMATIC  NAVIGATION 
AND  CONTROL  AT  IOWA  STATE  UNIVERSITY  FOR  THE 
19b7-73  period.  BRIEF  STATEMENTS  DESCRIBING  MAJOR 
TECHNICAL  ACCOMPLISHMENTS  ARE  GIVEN  AS  WELL  AS  A 
complete  LIST  OF  TECHNICAL  REPORTS*  PATENTS  AND 
JOURNAL  papers*  ThE  FUTURE  DIRECTION  OF  THE  PROGRAM 
IS  DISCUSSED*  AND  A SUMMARY  OF  THE  BENEFITS  DERIVED 
bY  the  department  OF  DEFENSE  AND  IOWA  STATE 
UNIVERSITY  ARE  PRESENTED.  (AUTHOR)  (U) 
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UNCLASSIFIED 


Due  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0M07 

AU-  779  724  17/7  12/1 

air  force  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OHIO  SCHOOL  OF 
engineering 

KALMAN  filter  DESIGN  FOR  AN  INERTIAL 
NAVIGATION  SYSTEM  AIDED  BY  NON-SYNCHRONOUS 

navigation  satellite  constellations.  (U) 

DESCRIPTIVE  note;  MASTER’S  THESIS* 

MAR  74  174P  BUTLER*RONALD  RAY  »RHUE» 

GEORGE  TRUITT  » 

REPT.  NO.  &A/EE/74M-1 

unclassified  REPORT 


DESCRIPTORS;  *INERTIAL  NAVIGATION*  ♦KALMAN 
FILTERING*  NAVIGATION  SATELLITES*  CONTROL  THEORY* 
OPTIMIZATION*  INTEGRATED  SYSTEMS*  NAVIGATION* 

Theses 

IDENTIFIERS;  DESIGN 

THE  REPORT  IS  A KALMAN  FILTER  DESIGN  STUDY  FOR 
THE  PROPOSED  INTEGRATED  NAVIGATION  SATELLITE/ 
inertial  system  (INI).  PRIMARY  EMPHASIS  IS 
PLACED  UPON  determination  OF  THE  ’BEST*  FILTER  STATE 
VARIABLE  VECTOR  AND  INVESTIGATION  OF  VARIOUS 
measurement  rates  using  external  range  MEASUREMENTS 
FROM  A set  of  27  NON-SYNCHRONOUS  SATELLITES.  THE 
INI  SYSTEM  ERRORS  ARE  ASSUMED  TO  BE  REPRESENTED  BY 
A 44  state  linear  SYSTEM  MODEL*  AND  ThE  FILTER 

operates  without  benefit  of  an  altimeter,  a one- 
hour  INI  flight  at  constant  SPEED  AND  ALTITUDE  OVER 
A GREAT  circle  PATH  IS  SIMULATED  ON  ThE  DIGITAL 
COMPUTER  AND  FILTER  DESIGNS  ARE  COMPARED  BY  PLOTTING 
THE  SYSTEM  POSITION*  VELOCITY,  AND  ATTITUDE  ERROR 

covariances  versus  Time,  a is  state  filter  with 

WEAK  coupling  TERMS  REMOVED  IS  DETERMINED  TO  PROVIDE 
THE  BEST  TRADEOFF  BETWEEN  ACCURACY  AND  COMPUTATIONAL 
BURDEN.  FILTER  PERFORMANCE  IS  COMPARED  AT  5*  15* 

30*  60  AND  90  SECOND  MEASUREMENT  UPDATE  RATES. 
ADDITIONALLY*  ’OPTIMAL’  SEQUENCING  OF  SATELLITE 
observables  is  shown  to  provide  IMPROVED  PERFORMANCE. 
(AUTHOR)  (U) 
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UUC  HLHOHT  UIBLIOGHAPHY  SLAHCH  CONTROL  NO.  <:0M07 

AU-  17/7 

iNlLKMLTRlCb  INL  LAM8HIUGL  MASS 

ciKis  tkansponder  deployments  for  testing 

INERTIAL  navigation  SYSTEMS. 

DESCRIPTIVE  note:  FINAL  TECHNICAL  REPT.r 

AUG  74  217P  WIDNALL»»«ILLIAM  S,  »KU» 

RICHARD  T.  i 
REPT,  NO.  IR-89-74 
CONTRACT;  F29601-7i-C-0089 
PROJ;  AF-688G 

monitor;  afswc  TR-74-22 

unclassified  REPORT 

SUPPLEMENTARY  NOTE; 

descriptors;  ♦inertial  navigation^  transponders^ 

DEPLOYMENTf  TEST  EQUIPMENT#  ACCURACY#  ERRORS# 

Range  finding#  precision#  position  finding# 

VELOCITY#  attitude  INDICATORS#  KALMAN  FILTERING# 
flight  testing 

THE  completely  INTEGRATED  REFERENCE  INSTRUMENTATION 
SYSTEM  (CIRIS)  SYSTEM  AT  hOLLOMAN  AIR  FORCE 
base  provides  a highly  precise  REFERENCE  FOR  THE 
FLIGHT  testing  OF  NAVIGATION  aND  GUIDANCE  SYSTEMS. 

CIRIS  subsystems  include  an  inertial  navigation 

SYSTEM  (INS)#  A DOPPLER  VELOCITY  SENSOR»  AND  A 
PRECISION  ranging  SYSTEM.  THIS  REPORT  EVALUATES 
THE  EFFECT  OF  THE  DEPLOYMENT  OF  THE  TRANSPONDERS  OF 
THE  PRECISION  RANGING  SYSTEM  ON  CIRIS  POSITION/ 

velocity/attitude  accuracy  and  on  the  estimation  OF 

SOURCES  OF  error  IN  AN  INS  UNDER  TEST,  POSITION 
ACCURACY  k»lTH  BASIC  TWO  AND  THREE  TRANSPONDER 
DEPLOYMENTS  IS  EXPLORED  WITH  A SIMPLE  POSITION  FIX 
ERROR  analysis.  POSITION/VELOCITY/ATTiTUDE 
ACCURACY  FOR  A VARIETY  OF  MULT I -TRANSPONDER 
deployments  is  evaluated  using  the  CIRIS  POST- 
FLIGHT  PROCESSOR  ON  SIMULATED  CIRIS  FLIGHT  DATA, 

the  Performance  improvement  with  doppler  data  is 
presented.  (MODIFIED  AUTHOR  ABSTRACT) 
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AU 
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AEROSPACE  GUIDANCE  AND  METROLOGY  CENTER  NEWARK  AIR  ForCE 
station  OHIO 


A DESCRIPTION  OF  A LIFE  CYCLE  COST  MODEL 

FOR  INERTIAL  NAVIGATION  SYSTEMS.  (U) 


DESCRIPTIVE  note;  FINAL  REPT.» 

JUN  74  SOP  MEITZLER»TH0MAS  D.  IGENET» 

RUSSELL  M.  > 

REPT.  NO.  AGMC-74-014II 

unclassified  report 


DESCRIPTORS:  ♦INERTIAL  NAVIGATI0N»  ♦AVIONICS* 

♦LIFE  CYCLES*  INVENTORY  ANALYSIS*  COST  ANALYSISr 
LOGISTICS  PLANNING*  INVENTORY  CONTROL# 

MATHEMATICAL  MODELS*  COMPUTER  PROGRAMS, 

fortran  (U) 

IDENTIFIERS;  ♦LOGISTICS  MANAGEMENT*  FORTRAN  4 
PROGRAMMING  LANGUAGE  (U) 

THE  PURPOSE  OF  THIS  REPORT  IS  TO  DOCUMENT  A 

mathematical  model  That  has  seen  used  to  evaluate  the 
potential  life  cycle  costs  of  inertial  Navigation 
systems,  the  model  has  been  previously  published* 
however*  because  of  sensitive  data*  it  had  a limited 
distribution.  This  report  includes  deficitions  of 

ALL  INPUT  AND  OUTPUT  PARAMETERS*  EXPLANATIONS  OF 

algorithms  for  the  model*  a Sample  run  using 

FICTITIOUS  DATA  AND  A PROGRAM  LISTING  WHICH  INCLUDES 
A SENSITIVITY  STUDY.  (AUTHOR)  (U) 
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UL)C  KLHOKr  BlbLlOGRAPMY  SEARCH  CONTROL  NO.  ZUM07 

AU-  /as  H4J  17/7  IS/S 

AIR  FORCE  INST  OF  TECH  WRIGHT-PaTTERSON  AFO  OHIO  SCHOOL  OF 

systems  and  logistics 

UEPOT  requirements  FOR  BASE  LEVEL  DATA  ON 

aircraft  inertial  platforms.  (U) 

DESCRIPTIVE  note;  MASTER'S  THESIS» 

AU6  74  140P  PLUNKETTtWILFKED  H.  TMOOREr 

RICHARD  N.  i 
REPT.  no.  SLSR-2-74B 

unclassified  REPORT 


DESCRIPTORS;  ♦INERTIAL  NAVIGATION^  ♦STABILIZED 
PLATFORMSf  ♦MAINTENANCE'  MAINTAINABILITY.  COST 
analysis,  maintenance  PERSONNEL'  DEPOTS' 

LOGISTICS.  THESES  (U) 

identifiers:  ♦base  level  maintenance.  »depot 
maintenance  (U) 

SOME  OF  the  most  EXPENSIVE  AIRCRAFT  COMPONENTS  TO 

maintain  are  stabilized  platforms  used  in  aircraft 
inertial  systems,  in  the  majority  of  usaf 
AIRCRAFT  equipped  WITH  AN  INERTIAL  SYSTEM.  THE 
inertial  platform  ranges  from  The  second  to  the 
eighth  most  expensive  component  to  maintain,  for 
most  of  These  aircraft,  depot  level  maintenance 
constitutes  From  SS  to  90%  of  the  total  inertial 
platform  support  costs,  several  recent  programs  to 
IMPROVE  reliability  AND  REDUCE  SUPPORT  COSTS  OF 
aircraft  inertial  SYSTEMS  HAVE  BEEN  HAMPERED  BY  THE 
quality  and  Type  of  base  level  performance  and 

MAINTENANCE  DATA  AVAILABLE  TO  ThE  AEROSPACE 
GUIDANCE  and  METROLOGY  CENTER  (AGMC). 

USAF'S  inertial  PLATFORM  CENTRAL  REPAIR  DEPOT, 

THIS  STUDY  WAS  AN  ATTEMPT  TO  DETERMINE  AGMC'S 
SPECIFIC  REuUIREMLNTS  FOR  BASE  LEVEL  DATA. 

(MODIFIED  author  ABSTRACT)  (U) 
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ROCKWtLL  international  CORP  ANAHEIM  CALIF  AUTONETICS 
UIY 

MICRON  fast  reaction  aND  HIGH  TEMPERATURE. 

OPERATION  DtVELOPMENT.  (U) 

DESCRIPTIVE  note:  FINAL  TECHNICAL  REPT.  1 JUL  73-30 
JUN  74 » 

JUN  74  118P  BUMPrH.  L.  (KLINCHUNCH* J. 

F.  »ANUREteSrA.  P,  ) 

REPT.  NO.  C73-105a/201 
CONTRACT;  DAAB07-73-C-0188 
monitor:  ECOM  0188-F-73 

Unclassified  report 

supplementary  note; 

DESCRIPTORS:  ♦INERTIAL  NAVIGATION#  ♦GYROSCOPES# 

reaction  time#  high  temperature#  alignment# 

DAMPING#  GYRO  COMPASSES  (U) 

IDENTIFIERS:  MICRON  NAVIGATION  SYSTEM  (U) 

The  OBJECTIVE  OF  The  program  iS  to  provide  A FAST 
reaction  capability  and  to  investigate  a high 
temperature  operation  capability  for  the  micron 
system,  changes  were  made  to  the  micron  system 

GYROS  AND  ELECTRONICS  TO  ALLOW  THE  FAST  REACTION  TIME 
NEEDED.  AN  ECOM  MOTOR  AND  SPIN  MOTOR  POWER  SUPPLY 
WERE  developed  AND  TESTED.  THE  REDESIGNED  MOTOR 

ACHIEVED  THE  GOAL  OF  80F/MIN  ROTOR  WARM-UP  RATE#  A , 

9 SEC  SPIN  UP  capability#  A 20  SEC  POLHODE  DAMPING 

CAPABILITY  and  A 30  SEC  RAPID  SPON-DOWN  CAPABILITY.  ! 

IN  ADDITION#  ROTOR  GAP  MODELING  WAS  ShOWN  TO  BE  A i 

FEASIBLE  method  FOR  SOLVING  THE  RAPID  TURNAROUND  ' 

PROBLEM.  THE  RESULTS  OF  HIGH  TEMPERATURE  TESTING  I 

OF  THE  ELECTRONICS  ARE  GIVEN  AND  DISCUSSED.  i 

(MODIFIED  author  ABSTRACT)  (U)  j 

I 

j 
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AEROSPACE  GUIDANCE  AND  METROLOGY  CENTER  NEWARK  AIR  FORCE 
station  OHIO 

GYROSCOPE  PERFORMANCE  PREDICTION  ANALYSIS 
PROJECT  STATUS  AND  REVIEW  OF  PREVIOUS 

EFFORTS.  (U) 

DESCRIPTIVE  note;  FINAL  REPT.r 

DEC  69  20P  GENET » RUSSELL  M.  » 

REPT.  NO.  AGMC-74-U22 

unclassified  report 


descriptors:  ♦inertial  navigation»  ♦gyroscopes* 

LIFE  expectancy,  MAINTENANCE,  ACCEPTANCE  TESTS, 

Floats,  discriminate  analysis  (u) 

A report  on  The  status  of  a project  to  predict 
GYROSCOPE  performance  IS  GIVEN.  STATISTICAL 
analysis  was  used  to  combine  THE  RESULTS  FROM  SEVERAL 
independent  Tests  to  form  an  optimal  single 
prediction,  difficulties  and  technical  problems 

ARE  DISCUSSED.  (AUTHOR)  (U) 
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aerospace  guidance  and  METROLOGY  CENTER  NEWARK  AIR 
STATION  OHIO 

A PLAN  FOR  ASSESSING  CHANGES  IN  THE  SUPPORT 
COST  AND  reliability  OF  THE  G-200  CYRoSCoPE 
AND  LN-12  PLATFORM. 

DESCRIPTIVE  note;  FINAL  REPT.. 

JAN  73  23P  GENET.RUSSELL  M.  JMARTIN. 

RICHARD  JbESTEDAr ROOSEVELT  I 
REPT.  no.  AGMC-74-023 

unclassified  REPORT 


DESCRIPTORS;  ♦INERTIAL  NAVIGATION.  ♦GYROSCOPES. 

♦COST  ANALYSIS.  STABILIZED  PLATFORMS.  JET 
FIGHTERS,  bearings.  MODIFICATION.  MAINTENANCE  (U) 

IDENTIFIERS;  G-200  GYROSCOPES.  IN-12  INERTIAL 
SYSTEMS.  F-4  AIRCRAFT  (U) 

AFTER  A NEW  AND  IMPROVED  GYROSCOPE  BEARING  WAS 
INTRODUCED  INTO  A REPAIR  PROCESS.  THIS  PLAN  WAS  DRAWti 
UP  FOR  ASSESSING  THE  IMPACT  OF  THE  NEW  BEARING  ON  THE 
SUPPORT  COSTS  AND  RELIABILITY  OF  THE  GYROSCOPE.  THE 
PLAN  WAS  subsequently  IMPLEMENTED.  (AUTHOR)  (U) 
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alkospmcl  cokp  ll  segunuo  calif 

digital  computer  program  for  error  analysis  of 
inertial-navigation  systems^  (U) 

AUG  66  255P  FEESS»W.  A.  » 

REPT.  NO.  TR-669(6540)-7 
CONTRACT;  AF  U4(695)-669 
monitor;  SSD  TR-66-154 

unclassified  report 


DESCRIPTORS;  UOIGITAL  COMPUTERS*  ♦ERRORS)*  (♦INERTIAL 
NAVIGATION*  ♦MATHEMATICAL  ANALYSIS)*  COMPUTER 
PROGRAMMING*  GUIDED  MISSILES*  INPUT  OUTPUT  DEVICES* 

DRAG*  GYROSCOPES*  ACCELEROMETERS*  GUIDANCE*  SENSITIVITY* 

eouations  of  motion*  trajectories  (U) 

IDENTIFIERS;  IBM  7094  COMPUTERS*  IBM  7090 
COMPUTERS  (U) 

THE  Theory  and  assumption  used  in  developing 
EQUATIONS  for  THE  ERROR  ANALYSIS  OF  A GENERAL  CLASS 

OF  inertial  Navigation  systems  are  described,  the 
COMPUTER  program  DEVELOPED  FOR  THEIR  SOLUTION  IS 
DESCRIBED  FROM  A USER’S  POINT  OF  VIEW.  ITS 
application  includes  the  synthesis  and/or  analysis  of 
inertial  navigation  systems  used  in  ballistic  missile 
OR  terrestrial  space  missions.  The  program  is 

DESIGNED  TO  ALLOW  STUDIES  OF  BOTH  PURE  INERTIaL  AND 
AIDED  inertial  NAVIGATION  SYSTEMS*  THE  LATTER  BEING 
THE  PROCESS  OF  UPDATING  NAVIGATION  DATA  VIA  DATA  FROM 
external  sensors.  (AUTHOR)  (U) 
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bCEING  CO  RENTON  WASH 

COMMERCIAL  SUPERSONIC  TRANSPORT  PROGRAM.  PHASE  I IB 
REPORT,  inertial  NAVIGATION  SYSTEM  PERFORMANCE 
SPECIFICATION.  (U) 

UUN  6b  IBP 
REPT.  no.  U6-17865 
contract;  FA-SS-65-20 

Unclassified  report 
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UDC  HEPOKT  aiBLIOGRAPHy  SEARCH  CONTROL  NO.  Z0MO7 

AU-  604  43b  17/7 

bOElNG  CO  RENTON  WASH 

COMMERCIAL  SUPERSONIC  TRANSPORT  PROGRAM.  PHASE  II-C. 
INTERIM  aircraft  PERFORMANCE  ASSESSMENT  REPORT. 
inertial  navigation  SYSTEM  PERFORMANCE  SPECIFICATION(U) 

descriptive  note;  complete  revision. 

NOV  6b  16P 
REPT.  no.  D6-17865 
contract;  FA-SS-66-5 

unclassified  report 


descriptors:  i*inertial  navigation#  instrumentation)# 
specifications#  jet  transport  planes#  digital  computers# 

PERFORMANCE(eNGINEERING) # DISPLAY  SYSTEMS# 

maintainability#  environmental  tests#  interfaces# 
measurement#  adapters#  control  systems#  power  <U) 

IDENTIFIERS;  SUPERSONIC  TRANSPORTS  (U) 

This  specification  establishes  preliminary 

PERFORMANCE#  DESIGN#  AND  CONSTRUCTION  REQUIREMENTS 
APPLICABLE  TO  THE  INERTIAL  NAVIGATION  SYSTEM  FOR  THE 

supersonic  transport.  The  requirements  will  be 

UPDATED  AS  THE  ARINC  INERTIAL  NAVIGATION  SYSTEM 

characteristic  is  developed,  system  Performance 
requirements  established  herein  are  design  objectives 
to  be  applied  TO  the  prototype  airplanes. 

APPLICATION  OF  ThL  REQUIREMENTS  TO  PRODUCTION 

airplane  design  will  be  established  after  PROTOTYPE 

FLIGHT  testing.  (AUTHOR)  (U) 
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AU-  a04  707  17/2.1  17/7  1/3 

BOEING  CO  SEATTLE  WASH  SUPERSONIC  TRANSPORT  DiV 

SUPERSONIC  transport  DEVELOPMENT  PROGRAM.  PHASE  III 
PROPOSAL.  BOEING  MODEL  2707.  COMMUNICATIONS/ 

NAVIGATION  SUBSYSTEM  SPEClFICATlONr  (U) 

SLP  6b  395P  BARTON » HOWARD  G.  » 

REPT.  NO.  D6A10122-1 
CONTRACT;  FA-SS-66-5 

unclassified  REPORT 


DESCRIPTORS;  (♦COMMUNICATION  AND  RADIO  SYSTEMS. 
♦SPECIFICATIONS).  (♦RADIO  NAVIGATION.  JET  TRANSPORT 
PLANES).  (♦INERTIAL  NAVIGATION.  JET  TRANSPORT  PLANES). 
transponders,  intercommunication  SYSTEMS.  MAPPING. 
SUPERSONIC  AIRCRAFT.  INSTRUMENTATION.  VERY  HIGH 
FREQUENCY.  STATIC  DISCHARGERS.  LIGHTNING  ARRESTERS. 

magnetic  recording  systems,  television  equipment,  radar* 
AVIATION  SAFETY.  HIGH  FREQUENCY*  METEOROLOGICAL  RADAR. 

direction  finding,  radio  equipment,  glide  path  systems. 

RADIO  BEACONS.  DISTANCE  MEASURING  EQUIPMENT*  RADIO 

altimeters,  instrument  Panels,  display  systems  (u) 

identifiers;  supersonic  transports  (U) 

THIS  specification  DEFINES  THE  OBJECTIVES. 
criteria,  and  configuration,  and  establishes  the 
requirements  for  performance*  design*  test*  and 

QUALIFICATION  OF  THE  NAVIGATION  AND  COMMUNICATION 
SUBSYSTEM  FOR  THE  PROTOTYPE  MODEL  SUPERSONIC 
TRANSPORT  AIRPLANE.  (AUTHOR)  (U) 
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digital  COMPUTER  PROGRAM  FOR  ERROR  ANALYSIS  OF 

inertial  navigation  systems*  (U) 

APR  67  95P  FEESSrW.  A.  J BLUMENSTEIN* 

STANLEY  IKATZ*BERNARD  > 

REPT.  no,  TR-669(6540)-7-REV-1 
contract:  AF  04<695)-669»  AF  04(695)-1001 

monitor:  SSD  TR-b6-154 

Unclassified  report 

supplementary  note:  revision  of  report  dated  AUG  66. 

descriptors:  (♦inertial  navigation*  computer  PROGRAMS)* 
(♦errors*  ANALYSIS)*  INSTRUMENTATION* 
matrices(maThemaTicS) * daTa  processing*  free  flight 
trajectories*  vector  spaces  (U) 

THIS  ARTICLE  IS  A COLLECTION  oF  REVISED  PAGES  TO 
THE  document*  SUBMITTED  IN  AUGUST*  1966*  ENTITLED 
•digital  computer  program  for  ERROR 
analysis  of  inertial  guidance  SYSTEMS,*  IN 
audition  to  revisions  several  additions  have  also 

BEEN  MADE.  THE  INPUT  TRAJECTORY  TAPE  FORMAT  HAS 
BEEN  changed  MAKING  TWO  ADDITIONAL  INPUT  CONSTANTS 
FOR  ALL  ERROR  ANALYSES  NECESSARY.  THE  GYRO  NON-G- 
SENSITIVE  DRIFT  ERROR  SOURCES  ARE  ACTIVE  DURING  ALL 
FREE  flights  UNLESS  CHANGED  BY  INPUT.  THE 

accelerometer  bias  error  sources  can  now  be  activated 
OR  de-activated  by  input,  in  addition*  a note  has 
been  added  on  The  output  that  describes  the  state  of 

THESE  ERROR  SOURCES.  THE  CAPABILITY  HAS  BEEN  ADDED 
TO  allow  the  aborting  of  THE  TRAJECTORY  TAPE  TO  ENTER 
INTO  A FREE  FLIGHT  AND  ALLOW  RESUMPTION  OF  THE 
TRAJECTORY  TAPE  AFTER  AN  INTEGRAL  NUMBER  OF  ORBITS. 

A note  HAS  been  ADDED  ON  THE  OUTPUT  TO  DENOTE 
TRAJECTORY  ABORT  TIMES.  THE  TABLE  OF  TGOp 
ENTRIES  HAS  BEEN  EXPANDED  FROM  12  TO  SO  TO  ALLOW 
ADDITIONAL  OUTPUTS,  TO  USE  THE  TGOP  TaHLE  FOR 
PHASE  CHANGES*  NEGATIVE  ENTRIES  OF  TIME  ARE  NOW 
KE(JUIREU.  ADDITIONAL  INPUT  IS  AVAILABLE  TO  ALLOW  A 

strapuown  system  TO  rotate  at  a constant  rate  during 
equations  of  motion  propagation,  output  in  a co- 
ordinate system  other  Than  eci  or  local  horizontal 
IS  NOW  available.  (U) 
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IbM  FLULRAL  brSTEMS  OiV  OftEGu  N Y FLtCTKONICS  SYSTEMS 
CLNTLK 

SYNERGISTIC  NAVIGATION  SYSTEM  STUUY.  (U) 

UtSCRIPTiVE  note;  phase  2 OF  FINAL  REPT.» 

SEP  67  198P  JOhNSON»MARYL1NDA  »KLEMENTIS» 

KENNETFi  a.  ;VILL0NE» ARNOLD  L.  > 

KEPT.  NO.  IBM-67-162-0013 
contract:  N00014-66-C-0192 

Unclassified  report 


DESCRIPTORS;  (♦INERTIAL  NAVIGATION#  DATA  PROCESSING)#  I 

(♦DOPPLER  navigation#  DATA  PROCESSING)#  (♦LORAN#  ♦DATA 
PROCESSING)#  DETECTORS#  NAVIGATION  COMPUTERS# 

OPTIMIZATION#  ERRORS#  MATHEMATICAL  MODELS#  FLIGHT  PATHS# 

sensitivity#  Computer  programming# 

MATRICES(MATHEMATICS) # mission  profiles  (U) 

IDENTIFIERS;  KALMAN  FILTERS  (U) 

THE  PURPOSES  OF  THE  SYNERGISTIC  NAVIGATION 
SYSTEM  STUDY  ARE;  TO  DETERMINE  THE  PORTION  OF 
THEORETICALLY  AVAILABLE  IMPROVEMENTS  WHICH  CAN  BE 
realized  when  practical  implementation  IS  CONSIDERED) 

TO  ASSESS  THE  COST  OF  THE  GAINS  IN  TERMS  OF  COMPUTER 
EXECUTION  time  AND  STORAGE  REQUIREMENTS)  AND  TO 
RECOMMEND  AN  OPTIMAL  FILTER  DESIGN  FOR  FLIGHT  TEST 
verification,  having  CONCLUDED  IN  THE  PHASE  I 
EFFORT  that  MAJOR  NAVIGATION  ACCURACY  IMPROVEMENTS 
were  possible  through  optimal  data  PROCESSING 
TECHNIQUES#  IT  WAS  NECESSARY  IN  THE  PhA&E  II 
EFFORT  TO  EXPLORE  MANY  AREAS  OF  UNCERTAINTY,  THESE 

areas  include  the  sensitivity  of  the  concept  to 

UNKNOWN  ERROR  MAGNITUDES  AND  DISTRIBUTIONS#  TO 

maneuvering  flight  Paths#  to  approximations  required 
IN  implementing  the  concept#  and  to  implications  upon 

DATA  PROCESSING  EQUIPMENT.  THE  MAJOR  CONCLUSION  IS 
THAT  A significant  IMPROVEMENT  OVER  CONVENTIONAL 
FILTER  design  IS  MAINTAINED  UNDER  BROAD  VARIATION  IN 
A PRIORI  statistic.  SEVERAL  ADDITIONAL  CONCLUSIONS 
ARE  DRAWN  REGARDING  SYSTEM  PERFORMANCE  VERSUS 

frequency  of  position  fixes#  the  dependence  of  SYSTE^l 
performance  On  flight  path  and  the  relative  effects 

ON  OPEN  AND  CLOSED  LOOP  COMPENSATION  BY  THE  FILTER 
CYCLE  update  TIME.  A FINAL  CONCLUSION  WAS  THAT 
CLOSED  LOOP  COMPENSATION  IS  PREFERRED#  AND  THAT  A 
filter  cycle  update  time  OF  30  SECONDS  IS 
satisfactory.  (AUTHOR)  (U) 
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bOEING  CO  SEATTLE  WASH  SUPERSONIC  TRANSPORT  DiV 

SUPERSONIC  TRANSPORT  DEVELOPMENT  PROGRAM.  PHASE  III. 
BOEING  model  2707.  COmMUNICAT lONS/NAV iGATlON/RADAR 
subsystem  SPECIFICATlONr  (U) 

DEC  66  399P  BARTON# HOWARD  G.  > 

KEPT.  NO.  D6A10122-1 
CONTRACT:  FA-SS-06-5 

unclassified  report 

supplementary  note;  partial  revision  of  kept,  no, 

b6A10490-l. 

uesckiptoks:  c+jet  transport  planes#  ♦supersonic 
AIRCRAFT)#  (♦Radio  navigation#  ♦inertial  navigation) » 
(♦communication  systems^  ♦radar  EQUIPMENT)#  VERY  HIGH 
frequency#  mapping*  high  frequency#  communication 
satellites(active) # static  dischargers#  vocoders#  clear 
air  turbulence#  protective  treatments*  lightning#  data 
processing#  low  frequency#  direction  finding#  distance 

MEASURING  EQUIPMENT#  INSTRUMENTATION#  INTERCOMMUNICATION 

systems#  weather#  television  equipment  (U) 

identifiers;  ♦supersonic  transports  (U) 

THIS  specification  DEFINES  THE  OBJECTIVES# 

CRITERIA#  AND  CONFIGURATION*  AND  ESTABLISHES  THE 
requirements  for  PERFORMANCE*  DESIGN*  TEST#  AND 
qualification  of  the  communications/navigation/radar 
subsystem  for  The  prototype  model  supersonic 
transport  airplane.  (u) 
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naval  weapons  center  CHINA  LAKE  CALIF 

self-alignment  of  a gimballess  inertial  navigation 
system.  (U) 

DESCRIPTIVE  note;  ALGORITHM  STUDYr 

MAH  bti  26P  NEALrS.  R.  »NUFFER»H.  D« 

( 

REPT.  NO.  NWC-TP-‘+463 

monitor;  61DEP  347.00.00.00-X7-5b 

unclassified  report 


descriptors;  I+INERTIAL  NAVIGATION*  ALGORITHMS)* 

(♦GUIDED  MISSILES*  ♦ALIGNMENT),  LAUNCHING* 
APPROXIMATIOn(MATHEMATICS) * ERRORS*  GUlDEu  MISSILES* 
MATrICES(MATHEMATICS) * DETECTORS*  ATTITUDE  CONTROL 
SYSTEMS*  SAMPLING*  DIGITAL  COMPUTERS  (U) 

IDENTIFIERS;  STRAPPED-DOWN  GUIDANCE  SYSTEMS  (U) 

M COMPUTING  ALGORITHM  FOR  THE  FIXED-bASE  SELF- 
ALIGNMENT  OF  A GIMBALLESS  INERTIAL  NAVIGATION  SYSTEM 
IS  DERIVED  BY  THE  APPLICATION  OF  LINEAR  ESTIMATION 
theory,  simulation  results  indicate  That  the 
initial  DIRlCTION  cosine  matrix  can  bE  aligned  in  20 

SECONDS  WITH  NOT  MORE  THAN  lO  ARCSECONDS  OF  ERROR  IN 
AZIMUTH  OR  level.  (AUTHOR)  (U) 
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unclassified  report 


ut-bCRIPlURS:  (♦INERTIAL  navigation*  ALIGNMENT)*  (♦NAVAL 

AIRCRAFT*  INERTIAL  NAVIGATION),  INSTRUMENTATION*  FLIGHT 

instrumlnts*  gyro  compasses*  Test  methods*  operation* 

I bTAbILIZED  PLATFORMS*  AIRCRAFT  CARRIERS  (U) 

1 

1 The  discussion  is  concerned  with  the  operational 

procedures  that  are  required  to  completely  initialize 
an  aircraft  inertial  system  so  that  it  can  accomplish 
ITS  MISSION  as  a weapon  SYSTEM  USING  VARIOUS 
alignment  methods.  (U) 
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MAY  6d  301P 
RtPT.  NO.  N0RT-6e-b 
CONTRACT;  F29600-67-C-0062 
monitor:  AVNI  TDR-68-001 

unclassified  report 


descriptors:  (♦inertial  navigation»  instrumentation)# 
(♦NAVIOATION  computers#  COSTS),  FEASIbiLITY  STUDIES# 
effectiveness#  design#  integrated  circuits#  computer 

PROGRAMMING#  MODULLS(ELECTRONICS) # SPARE  PARTS# 
RELIABILITY (ELECTRONICS) # TRAINING#  PACKAGING#  POWER 
SUPPLIES#  COST  effectiveness#  COMPUTER  PROGRAMS 
IDENTIFIERS:  CoSTS#  REDUCTION 

A SIX  month  study  was  conducted  to  determine  the 
feasibility  of  REDUCING  THE  COST  OF  THE  NDC- 
1050A#  AN  EXISTING  INERTIAL  NAVIGATION  COMPUTER. 

The  goal  of  The  study  was  to  obtain  at  least  a one- 
THIRD  reduction  IN  COST.  THE  OUTCOME  OF  THE  STUDY 
IS  A COMPUTER#  DESIGNATED  THE  NDC-lObOD#  WHICH 
features  a medium  scale  integration  (MSI)  APPROACH 
IN  ITS  LOGIC  SECTIONS#  A LOW  COST  HYBRID  (NDRO/ 

DRO)  memory#  an  INTEGRATED  COnTROL/DISPLAY  PANEL# 

AND  A HIGHLY  EFFICIENT  POWER  SUPPLY.  (AUTHOR) 


r 


(U) 

(U) 


(U) 


105 

UNCLASSIFIED 


20M07 


UNCLASSIFIED 


UUC  kEPOKT  bibLiOGRAPHY  SEARCH  CONTROL  NO.  i0MO7 

Au-  846  iibS  17/7  15/b 
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1 

lOST-OF-OkkNLHSHIP  PHILOSOPHY  APPLIED  TO 

INEKllAL  NAVIGATION  SYSTEMS.  (U) 

SLP  67  LAUBENDOKFER.W.  U.  >PLANK» 

K.  V.  >UENE/ZA»E.  U.  i 

unclassified  report 

SUPPLEMENTARY  NOTE:  PRESENTED  aT  MEETING  OF  AGaRD  AD 
HOC  PANEL  ON  GUIDANCE  AND  CONTROL  (5TH) » 

SYMPOSIUM  ON  INERTIAL  NAVIGATION.  OXFORD. 

IENGLAND)»  21-ii2  SEP  67. 

DESCRIPTORS;  (♦INERTIAL  NAVIGATION.  COSTS).  (♦aIR  FORCE 
ECJUIPMENT.  COSTS).  INSTRUMENTATION. 

PlRFORMANCE (ENGINEERING) . RELIABILITY.  MAINTAINABILITY. 
acceptability.  AIR  FORCE  PROCUREMENT  (U) 

IT  IS  contention  OF  THIS  PAPER  THAT  WHILE 

performance  Should  be  given  prime  emphasis,  the 

ECONOMICS  OF  USING  INERTIAL  NAVIGATION  LCiUIPMENT 
SHOULD  ALSO  BE  GIVEN  SERIOUS  CONSIDERATION.  SOME 
MEMBERS  OF  THE  INDUSTRIAL  INERTIAL  COMMUNITY  NOW  ARE 

considering  The  use  of  their  equipment  from  not  only 

A PERFORMANCE  BUT  FROM  ALSO  A COST  TOTALITY  ASPECT. 

FOR  many  YEARS.  OVER-SIMPLIFIED  EXPRESSIONS  WERE 
applied  to  DETERMINE  SYSTEM  ACCEPTABILITY  - 
ACCEPTABLE  OR  NON-ACCEPTABLE  - WITH  LITTLE  REGARD  TO 
SYSTEM  RELIABILITY.  CONSEQUENTLY.  WHAT  CAN  EASILY 
HAPPEN.  AND  WHAT  HAS  HAPPENED  IN  THE  PAST.  IS  THAT 
EQUIPMENTS  WHICH  APPEAR  VERY  ATTRACTIVE  FROM  AN 
initial  cost  standpoint.  CAN  REQUIRE  SIGNIFICANT 

funding  in  support  of  operational  USE.  This  paper 

SUPPORTS  THE  NEED  FOR  A TOTAL  PERFORMANCE 
(INCLUDING  RELIABILITY  AND  MAINTAINABILITY)  COST- 
UF-OWNERSHIP  APPROACH  TOWARD  INERTIAL  NAVIGATION 
system  design  and  SELECTION.  IN  ADDITION.  A 
CONCEPT  entitled  COPE  “ AN  ACRONYM  FOR  COST-OF” 

ownership  and  performance  is  presented*  defined 
and  applied  To  inertial  navigation  system  design  and 

SELECTION.  (AUTHOR)  (U) 
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unclassified  report 


descriptors;  (♦guided  missiles.  ♦INERTIAL  NAVIGATION). 
ERRORS.  INSTRUMENTATION.  NUMERICAL  ANALYSIS.  COMPUTER 

programs,  accelerometers,  gyroscopes,  celestial 
MECHANICS,  stabilized  PLATFORMS  (U) 

IDENTIFIERS;  STRAPPED  DOWN  GUIDANCE  SYSTEMS  (U) 

navigational  errors  FOR  TwO  BALLISTIC  MISSILE 
navigational  SYSTEMS-ONE  GIMBALED  and  one  STRaPPED- 
DOWN-ARE  ANALYZED.  EQUATIONS  ARE  DERIVED  FOR 

studying  navigational  errors  resulting  FROM  Sensor 
errors,  navigational  errors  at  end  of  guidance 

(BURNOUT)  ARE  DETERMINED  AND  THEN  PROPAGATED  TO 
THE  target  bY  ORBIT-SENSITIVITY  EQUATIONS.  FORTRAN 

V program  listing  for  each  system  ARE  presented  in 

APPENDIXES  A AND  B.  RESPECTIVELY.  FLOW 

charts  for  both  systems  are  given  in  appendix  C. 

(AUTHOR)  (U) 
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UUC  HEPOKT  DibLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

Au-  b4y  4bU  17/7  13/10. 1 17/8 

INSTITUTE  OF  MODERN  LANGUAGES  INC  WASHINGTON  D C 
TRANSLATION  AND  K.TERPRETATION  DIV 

MEANS  OF  NAVlOATION  OF  NUCLEAR-POWERED 

SUBMARINES*  (U) 

JAN  o9  140P  KHOLOSTOVrD.  i.  » 

contract;  Nt>Z306-69-M-0748 
monitor;  noo  contract  TRANS-15 

Unclassified  report 


DESCRIPTORS;  I+INERTIAL  NAVIGATION*  ♦NUCLEAR  POWERED 
SHIPS)*  (♦LOHAn*  SUBMARINES)*  NAVIGATION  COMPUTERS* 

submarine  periscopes*  radio  navigation*  Sonar*  celestial 
NAVIGATION*  STAR  TRACKERS*  POSITION  FINDING*  NAVIGATION 
SATELLITES*  ERRORS*  CORRECTIONS*  FIRE  CONTROL  SYSTEMS* 
ANALOG  COMPUTERS*  ECHO  RANGING*  SEXTANTS*  BALLISTIC 
MISSILE  submarines*  UNITeD  STATES*  REVIEWS*  USSR  (U) 

identifiers;  sins*  stardac*  translations  (u) 

Contents;  astronavigational  means  for 

CORRECTING  S(UP  INERTIAL  NAVIGATION 
SYSTEMS)  RADIO  ENGINEERING  CORRECTION 
EQUIPMENT  FOR  SHIPS*  INERTIAL  NAVIGATION 
SYSTEMS)  navigation  HYDROACOUSTIC  AND 
TELEVISION  means  OF  OBSERVATION)  MEANS  To 
INSURE  NAVIGATION)  AUTOMATED  SYSTEMS  FOR 
atomic  submarine  maneuver  CONTROL) 

AUTOMATED  WEAPONS  CONTROL  SYSTEM) 

PROSPECTS  FOR  THE  DEVELOPMENT  OF  ATOMIC 

SUBMARINE  NAVIGATION  MEANS.  (U) 


108 

UNCLASSIFIED 


Z0MO7 


i 

i 


UNCLASSIFIED 


UuC  REHOKT  DIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AD-  8bl  067  17/7 

ANALYTIC  SCIENCES  CORP  READING  MASS 

THE  KALMAN  FILTER  IN  TRANSFER  ALIGNMENT  OF 

airborne  inertial  guidance  systems.  <U) 

descriptive  note;  final  rept.. 

OCT  66  4bP  SUTHERLANDr ARTHUR  A.  » JR.J 

GELB» ARTHUR  » 

contract:  N6Ub30-67-C-1052 
PROJ;  A36533205/2161/F0090303 

MONITOR:  NwC*GIDEP  TP-4653»b47.00.00,00-X7-63 

UNCLASSIFIED  REPORT 


DESCRIPTORS:  (♦INERTIAL  NAVIGATION^  ♦STABILIZED 

PLATFORMS) » INFORMATION  THEORY^  CORRECTIONSr  INERTIAL 
GUIDANCEf  airborne*  MANEUVERABILITY*  CALIBRATION* 

alignment  (U) 

identifiers:  kalman  filters  (u) 

The  problem  of  transferring  alignment  between  Two 
AIRBORNE  inertial  NAVIGATOR  PLATFORMS  IS  TREATED 
USING  THE  KALMAN  FILTER  APPROACH.  THE  IMPORTANT 
PARAMETERS  ARE  IDENTIFIED  AND  EXERCISED  OVER  A 
REASONABLE  RANGE  TO  ESTABLISH  ACCURACY  TRADE-OFFS. 
suggestions  are  provided  for  improving  The  accuracy 

OF  KALMAN  FILTER  TRANSFER  ALIGNMENT  THROUGH  MORE 
COMPLEX  maneuvers  OF  THE  CARRYING  AIRCRAFT. 

(AUTHOR)  (U) 


UNCLASSIFIED 


Due  KtPOKT  uIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AU-  bbb  793  22/4  17/7  9/2 

MCDONNELL  DOUGLAS  CORP  ST  LOUIS  MO 

operation  and  service  manual  for  computer 

EFC  test  console  b2E270023f  VOLUME  II I » 

part  I,  (U) 

APR  6a  446P 

RtPT.  (>iO,  bb-lO-64-VOL-3-PT-l 
contract;  F0469S-67-C-0023 

UNCLASSIFIED  REPORT 

supplementary  note:  see  also  Volume  3»  part  2» 

SECTION  4»  Au-aSb  794, 

Descriptors;  (♦manned  spacecraft*  inertial  navigation) , 
{♦space  stations,  inertial  navigation),  (♦inertial 
navigation*  test  EUUIPMENT)*  instruction  manuals* 
INSTRUMENTATION*  NAVIGATION  COMPUTERS  (U) 

identifiers;  Gemini*  ♦gemini  a project*  ♦manned 
orbiting  laboratories*  ♦molcmanned  orbiting 

LABORATORIES)  (U) 

The  purpose  of  this  volume  is  to  familiarize 

PERSONNEL  WITh  THE  OPERATION  AND  SERVICE  INSTRUCTIONS 
FOR  THE  inertial  GUIDANCE  SYSTEM  (IGS)  BENCH 
TEST  EUUIPMENT  (BTE) * 52E270023-143  AND  THE 
COMPUTER  DTE  DOLLY.  (AUTHOR)  (U) 
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UNCLASSlFltD 


UOC  KE.PORT  UlbUlOGRAPHY  StARCH  CONTROL  NO.  Z0MO7 

Ao-  abb  794  22/4  17/7  9/2 

MCDONNE.LL  DoUGLAS  CORP  ST  LOUlS  MO 

OPLKATlON  AND  StKVICE  MANUAL  FOR  COMPUTER 
EFC  test  CONSOLE  52E270023r  VOLUME  III» 

PART  11 » section  IVr  LIST  OF 

SUBASSEMbLiES  AND  DIAGRAMS.  (U) 

APR  68  362P 

REPT.  NO.  b5-lO-64-VOL-3-PT-2-SECT-4 

contract;  F04695-b7-C-0023 

UNCLASSIFIED  REPORT 

supplementary  note;  see  also  volume  3»  PART  1»  AD- 
bbfa  793. 

DESCRIPTORS;  (*MANNED  SPACECRAFT»  INERTIAL  NAVIGATION), 
(♦SPACE  stations#  INERTIAL  NAVIGATION)#  (♦INERTIAL 
NAVIGATION#  TEST  EoUIPmENT)#  INSTRUCTION  MANUALS# 
instrumentation#  navigation  computers#  DIAGRAMS  (U) 

IDENTIFIERS;  GEMINI#  ♦GEMINI  b PROJECT#  ♦MANNED 
ORBITING  LABORATORIES#  ♦MOL(MANNED  ORBITING 
LABORATORIES)  (U) 

THIS  VOLUME  CONTAINS  A LIST  OF  SUBASSEMBLIES  AND 
diagrams  for  the  BTE  52E270023-143.  (U) 


111 

Unclassified 


Z0MO7 


unclassified 


DDL  HEPOHT  bibLIUGRAPHY  SLARCH  CONTROL  NO.  lOtAOl 

AU-  b7id  17/7 

ARMY  LLfcCTRONlCS  COMMAND  PORT  MONMOUTh  N J 

FLIGHT  TEST  REPORT  OF  AN/ASN-82  INERTIAL 

navigation  system.  (U) 

MAR  70  iObP  CLARK.RAYMOND  i 

KEPT.  NO.  EC0M-3iJ6b 
PROJ;  DA-1-H“lb2202-A-El9 
task:  1-H-162202-A-21901 

Unclassified  report 


DlSCRIPTORS;  <*INERTIAL  navigation,  flight  TESTING). 
STAblLIZEO  platforms.  GYRO  COMPASSES.  NAVIGATION 
COMPUTERS.  DIGITAL  DIFFERENTIAL  ANALYZERS. 
maintainability.  TEST  METHODS.  RELIABILITY (ELECTRONICS) . 
POWER  SUPPLIES  (U) 

identifiers:  AN/ASN-82.  flight  REFERENCE  STABILIZATION 
systems.  FRSSCFLIGHT  reference  stabilization  SYSTEMS) (U) 

A lightweight,  low-cost  r and  d aircraft 
inertial  navigation  SYSTEM  IS  EVALUATED  FOR  USE  IN 
ARMY  aircraft,  a bRIEF  DESCRIPTION  OF  THE  SYSTEM 
IS  FOLLOWED  BY  A SUMMARY  OF  ThE  METHODS  OF 

laboratory.  Truck,  and  flight  testing  employed, 
test  results  are  presented  and  show  That  the  system 
MEETS  The  design  goals  of  2 to  4 nautical  MILES/HOUR. 
PROBLEM  areas  UNCOVERED  DURING  THE  TESTS  ARE 
DISCUSSED  IN  detail  AND  AREAS  OF  SUGGESTED  FUTURE 
effort  are  outlined.  (AUTHOR)  (U) 
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UUC  KLFORT  bldLIOGKAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AU-  bb7  S69  17/7  1/3 

TElEDYNE  systems  CO  NORTHRIDGE  CALIF 

FLIGHT  reference  AND  STABILIZATION  SYSTlm 

(FRSS).  (U) 

DESCRIPTIVE  note;  FINAL  REPT.  1 JUL  64-15  MAR  71» 

AUO  71  72P  STUDEBAKER»J0HN  F,  I 

contract;  AF  33(blb)-1685 
PROJ;  AF-8222 

task;  822202 

monitor;  AFFDL  TR-71-42 

unclassified  report 


descriptors;  (*inertial  navigation,  reliability), 
(♦helicopters,  navigational  AIDS).  GYRO  COMPASSES. 
accelerometers,  gimbals,  servomechanisms,  navigation 
computers,  statistical  data,  costs,  flight  testing  (U) 

IDENTIFIERS:  FLIGHT  REFERENCE  AND  STABILIZATION 
SYSTEMS.  FRSS(FLIGhT  REFERENCE  AND  STABILIZATION 
SYSTEMS)  (U) 

A complete  flight  REFERENCE  AND  STABILIZATION 
system  was  designed.  FOUR  UNITS  WERE  FABRICATED  AND 
TESTED,  several  TEST  PROGRAMS  WERE  CONDUCTED. 

IN-HOUSE  laboratory  AND  FLIGHT  TESTS  DEMONSTRATED 
performance  in  THE  2 TO  4 NMPH  RANGE.  TESTS  WERE 
CONDUCTED  BY  THE  BRITISH  AIRCRAFT  COMPANY  AND 
THE  royal  NAVY.  ENGINEERING  EVALUATION  TESTS 
WERE  conducted  AT  HOLLOMAN  AIR  FORCE  BASE. 

central  Inertial  guidance  test  facility. 

Validation  tests  were  initiated  and  terminated 
before  completion  at  HOLLOMAN  AIR  FORCE  BASE. 
inertial  guidance  test  Facility,  a 
production  cost  estimate  was  made  for  luoo  UNITS 
based  on  the  cost  of  the  initial  engineering  models. 
(AUTHOR)  (u) 
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DDL  HEPOKT  UIBLIoGHAHHY  SEARCH  CONTROL  NO.  Z0MO7 
AU-  890  408  17/7 

1>i0KTHHUR  COKP  NORWOOD  MASS  PHEClSION  PRODUCTS  DEPT 

A FLIOHTWORIHY  bKLADbOAKD  SYSTEM  FOR 

COMPUTING  STABILITY*  ATTITUDE*  AND  HEADING 

FROM  bOUY-MOUNTEU  SENSORS.  lU) 

utSCRlPTIVE  note;  FINAL  KEPT.  MAR  69-UEC  70* 

OCT  71  108P  DEKUYCK*AURALfc.  R.  » 

contract;  F358l5-69-C-l4b3 
PRuj;  AF-aii2i; 
task;  8Ei:21.i 

monitor;  AFFLL  TR-71-130 

Unclassified  report 


DESCRIPTORS;  <*GYROSCOPES*  DESIGN)*  (♦INERTIAL 
navigation*  oYroSCuPES)*  DETECTORS*  STABILIZATION 
SYSTEMS*  STABILIZED  PLaTFORMS*  INTEGRATORS* 

ACCELERATION  (U> 

luENTIFIERS;  STRAPPED  DOWN  NAVIGATION  SYSTEMS  (U) 

A ThREE-YEAK  DEVELOPMENT  EFFORT  HAS  CULMINATED  IN  A 
flight WORTHY  BREADBOARD  MODEL  OF  A ’STRAPDOWN* 
flight-attitude  and  heading-reference  system  WHICH  IS 
functionally  equivalent  to  a slaved*  FOUR-GIMBAl 
INO-GIMbAL-LOCK) * ALL-ATTlTUDE  PLATFORM. 

strapped-down  rate  gyros*  Linear  accelerometers, 

AND  MAGNETIC  SENSOS  PROVIDE  ThE  ThREE-AXIS*  BODY- 

referenced*  inertial  and  magnetic  information  from 

WHICH  A UNIQUE*  SOLID-STATE*  TIME-SHARED  COORDINATE 

transformer  derives  the  angular  rate*  linear 
acceleration*  and  magnetic  field  COMPONENT  SIGNALS 
WITH  respect  to  ThE  CONVENTIONAL*  EARTH-REFERENCED 
AZIMUTH*  elevation  AND  BANK  AXES.  THE  EULERIAN 
ANGULAR  rate  SIGNALS  ARE  OPERATED  UPON  BY  INTEGRATING 
AND  interfacing  FUNCTIONS  WHICH  PROVIDE  THE  DESIRED 
attitude  angle  OUTPUT  INFORMATION  IN  TWO  SIGNAL 
FORMATS;  (1)  A DC  ANALOG  FORMAT  FOR  FEEDBACK 
TO  the  resolvers  IN  ThE  COORDINATE  TRANSFORMATION 
arrays*  and  (2)  A THREE-wIRE  SYNCHRO  FORMAT  TO 
DRIVE  A CONVENTIONAL*  BALL-TYPE*  AIRCRAFT  ATTITUDE 
indicator,  in  addition*  heading  AND  VeRTICALITY 
REFERENCE  SIGNALS  ARE  DERIVED  FROM  THE  SENSED 
acceleration  and  magnetic  field  information*  and 
THESE  SIGNALS  ARE  USED  TO  SLAVE  THE  ATTITUDE  ANGLE 
INTEGRATORS  TO  THE  LOCAL  VERTICAL  AND  MAGNETIC 
north,  logic  and  storage  FUNCTIONS  ARE  ALSO 
PROVIDED  FOR  AUTOMATICALLY  CUTTING  OUT  THE 

acceleration  control  of  The  verticality  slaving 
function  under  certain  acceleration  conditions  (U) 
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DDC  RLHOKT  bibliography  SEARCH  CONTROL  NO.  Z0MO7 

AD-  691  992  17/7  12/1 

NAVAL  AVIONICS  FACILITY  INDIANAPOLIS  INU 

PERFORMANCE  SENSITIVITY  ANALYSIS  OF  A KALMAN 

filter  using  ADJOINT  FUNCTIONS.  lU) 

UESCRIPTIVE  note:  TECHNICAL  REPT.» 

FEB  72  61P  CLARK»RONALD  R.  J 

REPT.  I^IO.  NAH-TR-I7b7 
PROJ:  A3fa0-5J37/231-B/lF06-234-602 

Unclassified  report 


descriptors;  (♦inertial  navigation^  instrumentation) » 

(♦ADAPTIVE  CONTROL  SYSTEMS.  MATHEMATICAL  MODELS). 

PARTIAL  differential  EQUATIONS.  MATRICeS(MATHEMATICS) . 

sensitivity,  numerical  analysis,  perturbation  THEORY  (U) 

IDENTIFIERS;  AUTOMATIC  CONTROL*  ♦CONTROL  THEORY. 

♦KALMAN  filters.  SENSITIVITY  ANALYSIS  (U) 

A method  is  PROPOSED  FOR  DETERMINING  THE 

performance  sensitivity  of  a kalman  filter  with 

RESPECT  TO  small  VARIATIONS  IN  THE  PARAMETERS  OF  BOTH 
A 'REAL  WORLD*  REFERENCE  MODEL  AND  AN  ASSUMED  FILTER 

model,  it  is  shown  that  a sizable  reduction  in 
computational  effort  may  be  ACHIEVED  USING  THE 
ADJOINT  method  PRESENTED  HERE  TO  CALCULATE  THE  LOCAL 
performance  sensitivities  for  a large  number  of 
parameters  rather  than  using  more  direct  methods. 

IN  THE  REPORT.  EQUATIONS  FOR  THE  COVARIANCE 

functions  of  the  combined  filter  and  REFERENCE  SYSTEM 
are  found  and  adjoint  equations  corresponding  to  the 

LINEAR  perturbation  EQUATIONS  OF  THE  SYSTEM 

covariance  functions  determined,  an  expression  is 

FOUND  FOR  THE  CHANGE  IN  A PERFORMANCE  INDEX  IN  TERMS 
OF  the  adjoint  functions  and  small,  possibly  TIME- 
VARYING.  CHANGES  IN  THE  PARAMETERS  OF  THE  COMBINED 
system.  (AUTHOR)  (U) 
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OuC  HEPORT  dIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AD-  900  046  9/2  17/7 

NORTHROP  CORP  HAWTHORNE  CALIF  ELECTRONICS  01 V 

multilaterai luN  software  lEVLLOPMENT.  (U) 

DESCRIPTIVE  note:  FINAL  REPT.  JUL  71-FeO  72» 

MAY  72  52oP  WEINBERG. JOHN  D.  IKNOBbEr 

LDwARD  j.  »K0PIT2KErEDMUND  H.  >CALBI»VlTO  i 
bITTNER»M.  i 
REPT,  NO.  N0HT-72-i7 
contract;  Fi3Glb-71-C-1936 
PROJ:  AF-520i 

task;  b20119 

monitor;  ARAL  TK-72-80 

Unclassified  report 

supplementary  note;  prepared  in  cooperation  with 

MAGNAVOX  research  LAB.»  TORRANCE*  CALIF. 

INCLUDES  ENVELOPE  ftITH  PROCESSOR  MAP. 

descriptors;  1*C0MPUTEK  programming*  ♦INERTIAL 
NAVIGATION)*  (♦Radio  navigation*  *data  processing)* 

(♦NAVIGATION*  ALGORITHMS)*  CONTROL  SYSTEMS*  INTERFACES* 
integrated  SYSTEMS*  MULTIPLE  OPERATION* 

matrices(mathematics) * Integral  equations*  plotting 
BOARDS*  position  FINDING*  ALIGNMENT*  ALTIMETERS* 
transmitter  receivers*  flow  charting  (U) 

IDcNTIFlcRS;  AVIONICS*  ♦COMMON  SOFTWARE*  COMPUTER 
PROGRAMS*  inertial  MEASUREMENT  UNITS*  KALMAN 
FILTERING*  MODULES(MATHEmATICS) * MUL TILATERATION* 

preprocessors*  signal  processing  (U) 

THIS  KcPORT  documents  ThE  INITIAL  RESULTS  OF  A 

software  development  directed  AT  identifying  a common 
navigation  SYSTEM  DATA  PROCESSOR  WHICH  WOULD  BE  MORE 
OR  LESS  equally  APPLICABLE — WITH  APPROPRIATE 
TAILORING — TO  ANY  RADlO-lNERTlAL*  RAUIO-AUTONOMOUS * 
RADIO-DtAD  reckoning*  OR  BAROmETRIC-InERTI AL 
NAVIGATION  SYSTEM.  A FUNCTIONAL  PROCESSOR  HAS  BEEN 
defined  which  lb  POTENTIALLY  APPLICABLE  FOR  USE  FOR 
any  of  a wide  class  of  military  and  CIVIL  MISSIONS* 

AND  RADIO  AND  INERTIAL  EQUIPMENT  TYPES.  TO  ACHIEVE 
THIS  GENERALITY  AND  FLEXIBILITY,  ALGORITHMS  WERE 
selected  primarily  on  ThE  OASIS  OF  THEiR  (1) 

bystem-to-system  generality*  (2)  mutual 
commonality*  (3)  functional  modularity  and 

(4)  COMPACTNESS  OF  EXPRESSION.  THESE  QUALITIES 
WILL  facilitate  TFiE  EVENTUAL  REALIZATION  OF  EASILY 
PROGRAMMABLE*  INTERCHANGEABLY  COMMON*  NAVIGATION 

system  software  units. 
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DOC  REPORT  blULIUGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AD-  902  091  17/7 

AUTONETICS  ANAHEIM  CALIF 

MICRO-NAVIGaToR  (MICRON)  PHASE  lA. 

VOLUME  I.  TECHNICAL  REPORT.  (U) 

DESCRIPTIVE  note;  FINAL  REPT.  APR  71-MaY  72» 

JUL  72  979P  EBERT.WALTER  A.  .ANDREWS^ 

A.  P.  »bOLTINGHOUSE» J.  C.  »bUSSE»D.  >».  > 

ORASHERfT.  F.  ) 

KEPT.  NO.  C72-A92/L01 
COivTRACT:  F35615-71-C-1398 

PROJ:  AF-6boA 

monitor:  AFAL  TH-72-182-V0L-1 
unclassified  report 

SUPPLEMENTARY  NOTE:  SEE  ALSO  VOLUME  2»  AD-902 
092L. 

descriptors:  (■♦inertial  NAVIGATI0N»  GYROSCOPES)* 
electrodes*  circular  error  probable*  modulation*  drift* 

ERRORS*  VELOCITY*  COSTS*  SIMULATORS*  CALIBRATION* 

TORUUE*  lLECTROSTATICS*  SPECIFICATIONS*  ENVIRONMENTAL 
TtSTS  (U) 

identifiers:  electrostatic  gyroscopes* 

♦micronavigators*  readouts*  strapped  down  guidance 

SYSTEMS  (U) 

MICRO  navigator  (MICRON)  (nILL  BE  A LOW  COST* 

STRAPDOWN*  INERTIAL  NAVIGATION  SYSTEM.  THIS  SYSTEM 
IS  BASED  ON  The  MICRO  ELECTROSTATIC  GYRO 
(MESG).  The  mesg  is  a small  Two-axis  instrument 

THAT  FEATURES  A WHOLE  ANGLE  READOUT.  IT  CONTAINS 
only  one  moving  part*  a solid  spherical  ROTOR*  ONE 
centimeter  in  diameter,  the  rotor  is 
electrostatically  suspended  between  electrodes  inside 
A CERAMIC  envelope.  THE  MICRON  PHASE  lA 
PROGRAM  WAS  A MAJOR  STEP  IN  THE  DEVELOPMENT  OF 

MICRON.  THE  Objectives  of  this  program  were; 

(1)  TO  design*  fabricate  and  test  the  mesg  that 

WILL  BE  USED  IN  THE  EXPERIMENTAL  DEMONSTRATION 
model  of  the  micron  system  (EDS)*  AND  (2) 

TO  PREPARE  A PRELIMINARY  DESIGN  AND  A MODEL 
SPECIFICATION  FOR  THE  EDS.  ENVIRONMENTAL  AND 
performance  evaluation  tests  WERE  CONDUCTED  WITh 
MLSG*S  OF  the  DESIGN  THAT  EXISTED  AT  THE  BEGINNING 
OF  THE  program.  THESE  TESTS  INCLUDED  TEMPERATURE 
SENSITIVITY*  COLD  SOAK*  VIBRATION*  SHOCK*  AND  ANGULAR 
RATE  tests,  areas  REQUIRING  IMPROVEMENT  WERE 
IDENTIFIED,  design  CHANGES*  INCLUDING  A STIFFER 
SUSPENSION  SERVO*  WERE  MADE.  (U) 
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AUTONtTiCb  ANAHLIN:  CALIF 
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VOLUME  il.  Nb7A  MQUEL  SPECIFICATION.  (u) 

UtbCKlPTlVE  note;  FINAL  KEPI.  MAY  71-MAY  72» 

JUL  l^  llfoP  BRASHER flHOMAb  F.  ; 

kept.  no.  C7i-D72/201-V0L-2 
CONTRACT:  F3iDlb-7l-C-139b 

PKOU:  AF-666A 

monitor;  AFAl  TH-72-lfa2-VOL-2 

Unclassified  report 

SUPPLEMENTARY  NOTE;  SEE  ALSO  VOLUME  3»  AD-521 
ObUL. 

descriptors:  UINERTIaL  navigation#  GYROSCOPES)#  digital 
computers#  display  systems#  errors#  control  panels# 
circular  error  probable^  interfaces#  electrostatics# 
computer  programs#  accelerometers#  electrodes# 
specifications#  flow  charting#  spinning(motion) # Input 
output  devices#  drift  (U) 

identifiers:  inertial  measurment  units# 

♦MICRONAVIGATORS,  strapped  down  guidance  systems  (U) 

THIS  MOuEL  specification  DEFINES  AN  INERTIAL 
NAVIGATION  SYSTEM  DESIGNATED  THc.  N57A,  IT 
INCLUDES  A STRAPDOWN  INERTIAL  MEASURING  UNIT  (IMU)# 

A digital  computer#  and  a CONTROL  AND  DISPLAY  PANEL. 
This  system  will  be  used  to  demonstrate  THE 
performance  Capability  of  the  micron  concept,  the 
Nb7A  will  incorporate  ONLY  PART  OF  THE  ADVANCED 
packaging  techniques  that  will  be  used  on  the 
ULTIMATE  MICRON  SYSTEM  AND  THEREFORE  THE  N57A 
WILL  BL  larger.  (U) 
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SUPPLEMt-NTARY  NOTE:  SEE  ALSO  VOLUME  1*  AU-902 
091L. 

DESCRIPTORS:  (♦INERTIAL  NAVIGATION#  GYROSCOPES)# 

electrostatics#  errors#  alignment#  circular  error 

PROBABLE#  beryllium#  DISPLAY  SYSTEMS#  CONTROL  SYSTEMS# 
velocity#  propagation#  SPINNING(MOTION) # CALIBRATION# 
ACCELEROMETERS#  EQUATIONS#  SPECIFICATIONS#  DRIFT# 

Thermal  properties#  noise#  demodulators#  gain#  torque(u) 

IDENTIFIERS:  ELECTROSTATIC  GYROSCOPES# 

♦micronavigators#  readouts#  rotors#  strapped  down 
guidance  systems  (u) 

THE  2u  appendices  IN  THIS  VOLUME  SUPPLEMENT 
VOLUME  1.  THE  MAJOR  APPENDICES  ARE  APPENDIX 
b#  navigation  and  ALIGNMENT  PROGRAM 

requirements  and  appendix  c#  error  budget, 

THE  PROGRAM  REQUIREMENTS  DEFINE  MODES  OF 

operation#  mechanization  equations#  and  input/output 
PROCESSING.  The  error  budget  contains  an  error 
MODEL  AND  ERROR  ALLOCATIONS  TO  MEET  ThE  PERFORMANCE 
goal  of  ONE  NM/HR  CEP  RATE.  OTHER  APPENDICES 
INCLUDE  ERROR  ANALYSES#  STUDIES  OF  THE  PROPERTIES  OF 
beryllium  ROTORS#  AND  TEST  DATA.  (AUTHOR)  (U) 
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lU) 


UEbCKiPTOKb;  (♦INERTIAL  NAVIGATION.  SHIPS),  STAR 
TkaCKLRS,  celestial  navigation,  LORAN.  AZIMUTH, 
OPTIMIZATION,  ERRORS,  SIMULATION,  LINEAR  SYSTEMS  (U) 

lUENTlFIEKS;  DECCA  NAVIGATION,  LINEAR  FILTERS,  LORAN 
C,  ♦SINS  (U) 

OPTIMUM  linear  FILTER  AND  CONTROL  THEORY  IS  APPLIED 
TO  the  practical  PROBLEM  uF  SUPPLEMENTING  AN  INERTIAL 
NAVIGATION  SYSTEM  WITH  DISCRETE  REFERENCE 
INFORMATION.  THE  INFORMATION  TAKES  THE  FORM  OF 
POSITION  OBTAINED  FROM  LORAN  C,  OR  DECCA  FOR 
example,  and  OCCASIONAL  AZIMUTH  FIXES  OBTAINED  FROM 
STAR  sightings.  IN  PARTICULAR,  OPTIMUM  USE  OF  THIS 
INFORMATION  IS  DISCUSSED  FOR  THE  SHIP*S  INERTIAL 

navigation  system  (SINS)  installations  intended 
FOR  MISSILE  Carrying  submarines  and  warships,  a 
MODEL  representative  OF  ThE  SINS  DYNAMICS  IS 
formulated  APPROPRIATE  FOR  APPLICATION  OF  OPTIMUM 
filter  and  control  THEORY.  INTERPRETATION  OF  THE 
OPTIMUM  CONTROL  DICTATED  IN  PART  BY  ThE  AUGMENTED 
SINS  model  iS  DISCUSSED,  SIMULATION  STUDIES  THAT 
SHOW  THE  RELATIVE  TRANSIENT  BEHAVIOR  AND  THE 

stabilizing  effect  OF  The  closed-loop  filter  and 
control  process  are  also  presented,  (AUTHOR)  (U) 
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A UiSCUbSlON  OF  measures  OF  FIGHTER 
AIRCRAFT  inertial  NAVIGATION  SYSTEM 
PObiTluN  accuracy  and  a SUGGESTION  FOR  FIELD 
MAINTENANCE  REJECTION  CRITERIA.  tU) 
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UL:>CKIPTOKS:  (»INEHTlAL  NAVIGATION^  ♦MAINTENANCE). 

TERMINAL  GUIDANCE.  TEST  METHODS.  POSITION  FINDING. 
accuracy.  ACCEPTAdlLITY.  MISS  DISTANCE.  CIRCULAR  ERROR 
PRObAbLE.  GYROSCOPES.  JET  FIGHTERS.  COSTS.  ECONOMICS  (U) 
IDENTIFIERS;  F-4  AIRCRAFT  (U) 

THE  EVOLUTION  AND  USES  OF  DIFFERENT  MEASURES  OF  THE 
position  ACCURACIES  OF  FIGHTER  AIRCRAFT  INERTIAL 
NAVIGATION  SYSTEMS  ARE  DISCUSSED  FROM  AN  ELEMENTARY 
statistical  VIEWPOINT.  THIS  STATISTICAL  VIEWPOINT 
IS  THt-N  applied  TO  THE  PROBLEM  OF  DETERMINING  WHEN  AN 
inertial  navigation  system  SHOULD  BE  REJECTED  BY  THE 
FIELD  USER  AND  SENT  TO  A CENTRAL  DEPOT  FOR  REPAIR. 

THE  CASE  where  AN  INERTIAL  NAVIGATION  SYSTEM  IS 

improperly  operating  due  to  a Field  adjustable  gyro 
alAS  is  also  covered,  and  a statistical  method  for 
separating  these  cases  from  'incurable  drifter*  cases 
requiring  depot  maintenance  is  given,  finally,  a 
NEW  definition  FOR  SPECIFYING  THE  ACCURACY  OF 
aircraft  inertial  navigation  systems  is  GIVEN  That 
MAY  promote  better  UNDERSTANDING  BETWEEN  GUIDANCE 
SYSTEM  users  AND  DEVELOPERS.  (AUTHOR)  (U) 
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A PURELY  empirical  APPROACH  FOR  APPLICATION 

TO  the  use/repair  cycle.  (U) 

DESCRIPTIVE  note:  FINAL  REPT.» 
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Unclassified  report 

supplementary  note:  presented  to  the  inst.  of 
Electrical  and  electronic  engineers  guidance 

STANDARDS  COMMITTEE#  16  SEP  69. 

DESCRIPTORS:  ( ♦GYROSCOPES » MAINTENANCE)#  (♦INERTIAL 

navigation#  maintenance)#  test  methods#  Classification# 
OPTIMIZATION#  statistical  TESTS  (U) 

The  Paper  discussls  The  major  differences  between 
inertial  instrument  measurements  made  during  research 

and  DEVELOPMENT#  AND  THOSE  MADE  DURING  REPAIR  ONCE 
THE  instrument  ENTERS  FIELD  USE.  (AUTHOR)  (U) 
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AN  INTRODUCTION  TO  THE  THEORY  AND  IMPROVEMENT 
OF  MULTI-LEVEL  TESTS  IN  REPAIR 

PROCESSES.  (U) 

DESCRIPTIVE  note:  FINAL  REPT.» 
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Unclassified  report 


DESCRIPTORS:  (♦INERTIAL  NAVIGATION,  MAINTENANCE) » 

(♦replacement  THEORY,  SPARE  PARTS),  (♦OBSOLESCENCE 

Theory,  inertial  navigation),  management  planning  and 
CONTROL,  checkout  PROCEDURES,  ACCEPTABILITY, 

PERFORMANCE (ENGINEERING) , FAILURE,  FAILURE(ELECTRONICS) , 
Test  methods,  tests,  test  equipment,  decision  making, 
COST  EFFECTIVENESS,  LOGISTICS,  MAINTENANCE  PERSONNEL, 
calibration,  economics,  analysis  of  VARIANCE,  THEORY  (U) 

The  Theory  of  tests  as  used  in  a mulTi-level  repair 

PROCESS  IS  DISCUSSED,  AND  PROCEDURES  FOR  REVIEWING 
AND  IMPROVING  TESTS  ARE  REVIEWED.  ThE  APPROACHES 
SUGGESTED  ARE  PRIMARILY  APPLICABLE  TO  ITEMS  WHERE 
•HEAR  OUT  IS  NOT  THE  PREDOMINANT  FAILURE  MODE,  AND  THE 
basic  MAINTENANCE  APPROACH  IS  THE  ISOLATION  AND 
replacement  OF  failed  PARTS  RaTHER  THAN  COMPLETE 
OVERHAUL,  the  THEORY  WAS  DEVELOPED  IN  CONJUNCTION 
♦ITH  Test  improvement  EFFORTS  AT  THE  AEROSPACE 
GUIDANCE  AND  METROLOGY  CENTER  IN  NEWARK, 

OHIO  where  inertial  guidance  SYSTEMS  RECEIVE  DEPOT 
REPAIR.  (AUTHOR)  (U) 
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UNCLAbbiFlED  REPORT 

bUPPLEMENTAKY  NOTE:  bEE  ALbO  VOLUME  2»  REPT.  NO.  R- 
B20»  AD-bOOO  382L. 

DEbCRIPTOKb:  (♦INERTIAL  NAVIGATION#  INbTRUMENTATlON) # 

OAb  BEARiNGb#  GYRObCOPES#  bERVOMECHANibMb#  PHASE  LOCKED 
SYSTEMS,  ANALOG-TO-OIGITAL  CONVERTERS,  DIGITAL  TO  ANALOG 
converters,  digital  systems,  interfaces,  PULSE  DURATION 
MODULATION,  MODULATORS,  TRANbFORMATIONS(MATHEMATlCS)  , 
SPUTTERING,  DEPOSITION,  ETCHING,  RADAR,  IMAGE  MOTION 
COMPENSATION,  PLANNING  (U) 

identifiers:  avionics,  HYPHA  computations,  MOTION 
COMPENSATION,  PHAbE-TO-DIGI TAL  CONVERTERS,  SIGNAL 
PROCESSING,  SINE  COSINE  GENERATORS  (U) 

THIS  REPORT  DESCRIBES  A FIRST-YEAR  EXPLORATORY 

development  Program  of  study,  design,  fabrication, 

AND  test  of  advanced  INERTIAL  SENSING  INSTURMENT 
TECHNOLOGY  AND  OTHER  NAVIGATION  SYSTEM  TECHNOLOGY. 
ACTIVITIES  COVERED  iNCLUDc:  (1)  RESEARCH  IN 
SPIN-AXIS  GAS  AND  BALL  BEARINGS,  SPUTTER-ETCH  AND 
SPUTTER-DEPcSITiOlJ  TECHNiuUES,  AND  BALL-RETAInER 

materials  and  processing:  (2)  investigation  of 

NEI«  TECHNIOUES  FOR  SIGNAL  PROCESSING  AND  CONVERSION 
WHICH  INCLUDE  HYPhA  PhASE-LOCkED-LOOP  PROCESSING  AND 
the  USt  OF  A MICROPROCESSOR  TO  PERFORM  ATTITUDE 

transformations:  and  (3)  analysis  of  THE  problem 

OF  RADAR  motion  COMPENSATION.  (AUTHOR)  (U) 
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development  of  unconventional  gyro  (NUTATRON 

TECHNIQUE)  for  TACTICAL  AIRCRAFT  INERTIAL 

SYSTEMS.  (U) 

DESCRIPTIVE  note:  FINAL  REPT.  oCT  70-MaR  73» 
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DESCRIPTORS;  (♦INERTIAL  NAVIGATION»  JET  FIGHTERS) » 
(♦GYROSCOPES*  DRIFT)*  DETECTORS*  INERTIAL  GUIDANCE* 

inertia*  feedback*  ball  bearings*  electronic  ECJUIPMENT* 
Thermal  stability*  instrumentation*  correlators*  phase 
detectors*  sensitivity,  performance (engineering) * 
synchros*  alignment*  torque*  coils*  automatic*  Checkout 

EQUIPMENT*  airborne*  ERRORS*  ACCURACY*  GIMBALS, 

PRECESSION  (U) 

identifiers:  avionics  (u) 

this  report  covers  The  latest  phase  of  the 
nutatron  angular  rate  Sensor  development  effort, 
culminating  In  the  delivery  of  two  prototype  sensor 
AND  an  electronic  TEST  SET  TO  THE  U.S.  AIR 
FORCE  CENTRAL  INERTIAL  GUIDANCE  TEST 
facility  (CIGTF)  at  HOLLOMAN  aFB.  THE 
OfaJECTIVES  OF  THE  NUTATRON  PROGRAM  IS  TO  LEAD  TO 
ANGULAR  rate  SENSOR  FOR  TACTICAL  FIGHTER  NAVIGATION 
SYSTEMS*  oFFEkING  FAST  REACTION  FROM  A COLD  START* 

lOw  temperature  coefficients  and  good  long  term 
stability,  the  nutatron  concept  features  an 
automatic  drift  compensation  technique*  eliminating 
the  requirement  for  high  tolerance*  highly  stable 
PARTS  and  materials.  THE  REPORT  TABULATES  THE 
attained  performance  parameters*  DISCUSSES  The 
results  and  underlying  remaining  error  mechanisms  and 
CONCLUDES  IN  recommendations  TO  FURTHER  IMPROVE 

performance,  the  electromechanical  and  electronic 
modifications  made  under  This  phase  are  discussed  and 
THEIR  impact  ON  PERFORMANCE  DESCRIBED.  REPORTS 
MFAL-TR-6b-17u,  AF AL-TR-67-b4 , AND  AFAL- 
rR-b9-7b*  GIVE  THE  RESULTS  OF  THE  PREVIOUS  EFFORTS 

OF  This  unconventional  angular  rate  sensor  (u) 
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descriptive  note;  technical  REPT.. 
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descriptors;  (♦inertial  navigation^  flight 

TESTING).  (*DlRECTION  FINDING. ACCURACY ) » 

AVIONICS.  LIGHT  WEIGHT.  LOW  COSTS.  ERKORb. 
flight  paThS.  cargo  aircraft.  PITCH(MOTION) . 
roll,  drift.  Ground  speed,  attitude  indicators, 
accelerometers,  gyroscopes,  stabilized 
Platforms,  gimbals,  digital  systems,  torque  (u) 

IDENTIFIERS:  AN/ASN-114.  C-47  AIRCRAFT  (U) 

THE  AN/aSN-114  INERTIAL  NAVIGATION  SET 
(INS)  IS  A sensor  for  AIRCRAFT  POSITIONS.  VELOCITY. 
attitude,  and  heading  INFORMATION.  THE  SYSTEM 
DEVELOPS  navigational  DATA  FROM  SELF-CONTAINED* 
inertial  sensors,  consisting  OF  A VERTICAL 
accelerometer,  two  horizontal  accelerometers  and  two 

TWO-AXIS  DISPLACEMENT  GYROSCOPES.  THE  SENSING 
ELEMENTS  ARE  MOUNTED  IN  A FOUR  GIMDAL.  GYRO 
STABILIZED  INERTIAL  PLATFORM.  THE  SET  PROVIDES 
PITCH.  ROLL.  AND  HEADING  IN  BOTH  ANALOG  (SYNCHRO) 

AND  DIGITAL  FORM.  IN  ADDITION.  THE  FOLLOWING 
OUTPUTS  ARE  PROVIDED  ON  A SERIAL  DIGITAL  CHANNEL  IN 
ARINC  b71  FORMAT:  (1)  PRESENT  POSITION  — 

LATITUDE,  longitude.  ALTITUDE;  (2) 

airckaft  attitude  — pitch,  roll,  heading. 

uRIFT  angle,  wander  ANGLE;  (3)  AIRCRAFT 
VELOCITY  — NORTH-SOUTH  VELOCITY.  EAST-WEST 
VELOCITY,  vertical  VELOCITY.  GROUND  SPEED. 

TRACK  angle;  (4)  STEERING  INFORMATION  — 

DISTANCE-TO-GO.  TRACK  ANGLE  ERROR.  CROSS  TRACK 

distance,  desired  track,  drift  angle  plus  track 

ANGLE  ERROR.  (U) 
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DESCRIPTORS:  (♦GYROSCOPES»  CALIBRATION)* 

(♦inertial  navigation^  STRAPPED  DOWN  SYSTEMS)* 

(♦attitude  INDICATORS^  ERRORS),  (♦COMPUTERIZED 
SIMULATION*  ROTORS)*  SIMULATION*  DIGITAL 

computers*  mathematical  models,  drift* 

PERFORMANCE (ENGINEERING) * COMPUTER  PROGRAMS* 

ITERATIONS*  TORQUE*  CALIBRATION*  MODELS* 

ELECTRODES,  CAPACITANCE*  SHAPE, 

electrostatics  (U) 

IDENTIFIERS;  ♦ELECTROSTATIC  GYROSCOPES, 

♦MICRONAVIGATORS  (U) 

THREE  ASPECTS  RELATED  TO  THE  DEVELOPMENT  OF  ThE 
STRAPDOWN  MICRO-NAVIGATOR  (MICRON)  SYSTEM  HAVE  BEEN 

investigated,  by  comparing  the  present  micro- 

electrostatic  GYRO  (MESG)  DRIFT  RATE  AND 
attitude  READOUT  ERROR  MODELS  WITH  A PREVIOUSLY 
UEVELOPeD  MATHEMATICAL  MODELING  THEORY*  EXPRESSIONS 
FOR  MANY  OF  THE  MODEL  COEFFICIENTS  WERE  DERIVED  AND  ’ 

THE  corresponding  ERROR  MECHANISMS  WERE  DEFINED. 

The  EQUATIONS  FOR  THE  SIMULTANEOUS  CALIBRATION  OF 
both  the  MESG  DRIFT  RATE  AND  ATTITUDE  READOUT  ERROR 
MODEL  COEFFICIENTS  FROM  A SINGLE  SET  OF  DATA  HAVE 

been  derived.  The  approach  to  be  used  in  the  i 

subsequent  development  of  an  operational  unified 
calibration  Technique  from  these  equations  has  been 

DEFINED.  A PERFORMANCE  ANALYSIS  PROGRAM  HAS  BEEN 
DEVELOPED  AND  CODED.  THIS  PROGRAM  SIMULATES  ThE 
PROMINENT  MESg  ERROR  MECHANISMS  AND  DUPLICATES  THE 
MICRON  mechanization  EQUATIONS.  THE  PROGRAM  HAS 
BEEN  USED  TO  INVESTIGATE  MECHANIZATION  AND  ITERATION 

rate  dependent  navigation  errors  in  The  micron 

SYSTEM.  (AUTHOR)  (U) 
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descriptors:  (*S0PERS0NIC  transports»  ♦television 

DISPLAY  SYSTEMS) » (♦INERTIAL  NAVIGATION^ 
supersonic  TRANSPORTS).  INTERFACES*  NAVIGATION 
COMPUTERS*  COMPUTER  PROGRAMS*  LOW  LIGHT  LEVELS* 
Television  systems*  instrument  landings*  flight 

TESTING*  data  ACQUISITION*  DIGITAL  COMPUTERS* 

digital  systems*  magnetic  tape*  flight  control 

SYSTEMS*  ROLL*  PITCH(MOTION) * ALTITUDE, 

ANALOG  SYSTEMS*  RADIO  ALTIMETERS*  RADIO 

NAVIGATION*  uATa  TRANSMISSION  SYSTEMS  (U) 

IDENTIFIERS:  WSST  TECHNOLOGY  FOLLOW  ON  PROGRAM, 

AUEDS( ADVANCED  ELECTRONIC  DISPLAY  SYSTEM), 

ADVANCED  ELECTRONIC  DISPLAY  SYSTEM  (U) 

the  advanced  ELECTRONIC  DISPLAY  SYSTEM  (AOEDS) 

TASK  OF  THE  SST  TECHNOLOGY  FOLLOW-ON  PROGRAM 
includes  the  formal  definition  AND  DOCUMENTATION  OF 

The  signal  interface  mechanization,  this  report 
defines  the  signal  Interfaces  as  mechanized  foR  the 

FLIGHT  TEST  AIRPLANE  INSTALLATION.  INCLUDED  IS  THE 
DEFINITION  OF  INTERFACES  BETWEEN;  ELEMENTS  OF  THE 

uisplay  system*  The  display  system  and  ancillary 
sensor  systems,  elements  of  The  navigation  system, 
the  display  and  navigation  systems.  The  navigation 
system  and  ancillary  SENSOR  SYSTEMS,  AND  THE 
navigation  system  AND  OTHt-R  ELEMENTS  OF  THE  ADVANCED 
GUIDANCE  AND  CONTROL  SYSTEM.  (AUTHOR)  (U) 
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supplementary  note; 

descriptors:  ♦test  methods*  ♦maintenance* 

♦inertial  navigation*  air  force  equipment* 
metrology*  reliability*  errors*  avionics  . lu) 

the  paper  discusses  THE  EVALUATION  AND  IMPROVEMENT 
OF  TESTS  USED  DURING  THE  REPAIR  OF  INERTIAL 

navigation  systems  at  The  aerospace  guidance 

AND  METROLOGY  CENTER  (AGMO  AT  NEWARK  AIR 
FORCE  station*  IN  NEWARK*  OHIO.  THE  HIGHLY 

significant  Impact  of  both  diagnostic  and  functional 
TESTS  errors  ON  THE  EFFICIENCY  OF  THE  OVERALL  REPAIR 
PROCESS  IS  DISCUSSED.  AN  EVALUATION  PROGRAM  AT 
AGMC  To  'TEST  ThE  TESTS*  IS  DESCRIBED.  ThE 
RESULTS  ShOULu  BE  GENERALLY  APPLICABLE  TO  ANY  REPAIR 
PROCESS  THAT  USES  DIAGNOSTIC  TESTS  COMBINED  WITh 
selective  replacement.  (AUTHOR)  (U) 
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Tactical  aircraft,  attack  aircraft,  fighter 

aircraft  (U) 

IDENTIFIERS;  AN/aSN-90.  A-7  AIRCRAFT.  A-7d 

aircraft  (U) 

STATUS  IS  REPORTED  ON  THE  DEVELOPMENT  OF  TOOLS  FOR 
The  ANALYSIS  OF  OPERATIONAL  PERFORMANCE  AND 
OPERATIONAL  MAINTENANCE  OF  A COMPLEX  AVIONICS  SYSTEM. 
AND  the  COST-OF-OWNERSHIP  IMPLICATIONS  OF  IMPROVEMENT 
alternatives,  results  of  THE  APPLICATION  OF  THESE 
TOOLS  TO  THE  AN/ASN-90  INERT  I aL  MEASUREMENT 
SET.  AS  USED  IN  THE  A-7U  AIRCRAFT.  ARE  ALSO 
reported,  these  results  were  obtained  as  PART  OF 
TASC'S  continuing  PARTICIPATION  IN  THE  KT-73 
inertial  NAVIbATION  SYSTEMS  TECHNICAL 

interchange  Task  group  (Titg)  chaired  by  the 

AIR  Force  item  manager  at  the  Oklahoma 

CITY  air  logistics  CENTeR.  (U) 
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SUPPLEMENTARY  NOTE)  EDITED  TRANS.  OF  MONO.  TEORlYA 
INERTSIALNOI  NAVIGATSII*  N.P.*  1966  Pi-579. 

DESCRIPTORS:  ♦INERTIAL  NAVIGATION*  THEORY* 

inertial  systems*  errors*  translations*  USSR  (U) 

THE  MAIN  attention  IS  DEVOTED  TO  THE  EQUATIONS  OF 
IDEAL  OPERATIONS  (UNPERTURBED  FUNCTIONING)  OF 

inertial  systems*  which  determine  their  structure* 

AND  TO  EQUATIONS  OF  INERTIAL  NAVIGATION  SYSTEM 
ERRORS*  AN  ANALYSIS  OF  WHICH  PERMITS  EVALUATION  OF 
THE  operating  STABILITY  OF  THE  SYSTEM  AND 
ESTABLISHMENT  OF  THE  RELATIONSHIP  BETWEEN  THE  ERRORS 
OF  THE  elements  AND  THE  ACCURACY  OF  DETERMINING  THE 

navigational  parameters  of  The  object;  the  current 
coordinates  of  position  and  its  orientation  in  space. 

PROBLEMS  OF  AUTONOMOUS  PREPARATION  OF  INERTIAL 
SYSTEMS  FOR  OPERATION  ARE  ALSO  CONSIDERED.  THE 
BOOK  IS  devoted  TO  THE  THEORY  OF  AUTONOMOUS  INERTIAL 

systems.  (U) 
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UESCRiPTOKS:  ♦inertial  navigation#  ♦maintainability# 
♦COST  estimates#  *INERTIAL  measurement  units#  LIFE 
cycles#  mathematical  MODELS#  MAINTENANCE#  THESES  (U) 

A MAJOR  problem  TO  LIFE  CYCLE  COST  PLANNERS  IS  THE 
SCARCITY  OF  TOOLS  AVAILABLE  FoR  USE  IN  ThE  CONCEPTUAL 
PHASE  OF  system  DESIGN  AND  ACQUISITION  ThaT 
ACCURATELY  PREDICT  OPERATIONAL  AND  SUPPORT  COSTS. 

This  thesis  developed  a cost-estimating 
relationship  (Cer)  That  predicts  maintenance  costs 
OF  inertial  measurement  units  (IMUS)  using  only 
DESIGN  and  policy  DATA  THaT  WOULD  BE  AVAILABLE  TO 
planners  in  The  conceptual  phase  of  weapon  system 

ACQUISITION,  the  COST  ESTIMATED  IS  THE  AVERAGE 

quarterly  maintenance  cost  per  aircraft.  THE 

tSTIMATlNG  variables  ARE  SELECTED  BASED  ON  TWO 
criteria;  (A)  IS  THE  VARIABLE  ONE  THAT# 

VIEWED  LOGICALLY#  WOULD  AFFECT  MAINTENANCE  COSTS# 

(B)  IS  THE  variable  ONE  THAT  WOULD  BE  KNOWN  TO 
PLANNERS  IN  ThE  CONCEPTUAL  PHASE  OF  WEAPON  SYSTEM 
ACQUISITION,  the  CER  WAS  DEVELOPED  BY  THE 
ordinary  least  SQUARES  METHOD  OF  MULTIPLE  REGRESSION 
ANALYSIS.  (U) 
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DESCRIPTORS;  ♦INERTIAL  NAVIGATION.  RELIABILITY. 

REPAIR  (U) 

THE  PAPER  attempts  TO  CLARIFY  SOME  OF  THE 
measurements  OF  INERTIAL  NAVIGATION  RELIABILITY 
(INS)  AS  applied  to  EVALUATION  OF  DEPOT  OR  TRC 
REPAIR.  IT  POINTS  OUT  THE  EFFECT  OF  FLYING  HOuRS 
programs  on  MTBF  AND  SHOWS  ThaT  TIME  BETWEEN 

overhaul  (TBO)  is  the  best  measurement  of  ins 
reliability  for  the  TRC.  (U) 
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UESCKIPTORS:  *INERT1AL  NAVIGATION’  ERHORSr 

PROPAGATION’  SHIPS,  UNEAH  DIFFERENTIAL  EQUATIONS, 
NONLINEAR  ALGEBRAIC  EQUATIONS  (U) 

the  effects  of  The  linearization  approximation* 
neglect  of  SHIP’S  SPEED’  AND  THE  SPHERICAL  EARTH 
approximation  on  error  propagation  in  the  SHIP’S 
inertial  navigation  system  (SINS)  IS  estimated* 

THIS  IS  DONE  bY  CONSIDERING  AN  INERTIAL  NAVIGATOR 
that  is  perfect  IN  ALL  RESPECTS.  IT  IS»  HOWEVER’ 

PUT  INTO  operation  WITH  INCORRECT  INITIAL  CONDITIONS. 
THE  resulting  ERRORS  aRE  PROPaGATED  FOR  ONE  HOUR 
USING  analytical  PROCEDURES  THAT  CONTAIN  EITHER  NONE’ 

OR  ONE  OR  MORE  OF  THE  ABOVE  SIMPLIFICATIONS. 

COMPARISONS  OF  ThL  RESULTS  THEN  PROVIDE  ESTIMATES 

OF  The  effects  of  each  of  these  approximations  on 

ERROR  propagation.  (U) 
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DESCRIPTORS;  ♦INERTIAL  NAVIGATION.  ♦KALMAN 
FILTERING.  ♦CENTRAL  PROCESSING  UNITS.  MATHEMATICAL 
MODELS.  DOPPLER  RADAR.  MATRICES(MATHEMATICS) . 
COORDINATES*  POSITION  FINDING.  COMPUTATIONS. 

Theses 

identifiers;  cue  ggoo  computers 
This  report  is  an  evaluation  of  a proposed  kalman 

FILTER  FOR  AN  ADVANCED  MANNED  AIRCRAFT.  THE 

evaluation  is  performed  under  simulated  flight 

PROFILES  WHICH  INCLUDE  STRAIGHT  AND  LEVEL  AND 
maneuvering  flight,  the  aided  inertial  NAVIGATION 
system  is  REPRESENTED  BY  A 54-STATE  LINEAR  SYSTEM 
ERROR  model  and  THE  FILTER  BY  A 17-STaTE  ERROR  MODEL 
WITH  decoupled  HORIZONTAL  AND  VERTICAL  CHANNEL 
MECHANIZATION,  THE  SIMULATED  FLIGHT  PROFILES 

include  Two  hours  of  straight  and  level  flight  and 

ONE  additional  HOUR  OF  EITHER  STRAIGHT  AND  LEVEL  OR 

maneuvering  Flight,  a comparison  of  filter 

EFFECTIVENESS  WITH  THE  OPTIMAL  FILTER  IS  MADE  FOR  THE 
two  HOUR  straight  AND  LEVEL  FLIGHT.  ThE  DECOUPLED 

17-state  filter  effectiveness  is  evaluated  during  one 
additional  hour  of  manueuvering  flight  based  on  the 
filter  performance  in  straight  and  level  flight  for 
the  Same  time  period,  in  addition,  an  error  budget 

IS  DETERMINED  FOR  BOTH  FLIGHT  PROFILES.  (U) 
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descriptors:  ♦inertial  navigation#  ♦flight  testing# 
navigational  aids,  errors#  KALMAN  FILTERING# 

REGRESSION  ANALYSIS#  DATa  PROCESSING#  COMPUTER 

programming  (U) 

The  CIRIS  SYSTEM  AT  HOLLOMAN  AIR  FORCE 

base  PROVIDES  A HIGHLY  PRECISE  REFERENCE  FOR  THE 

FLIGHT  Testing  of  navigation  systems,  this  report 

EXPLORES  THE  RECOVERY  OF  THE  SIGNIFICANT  SOURCES  OF 
ERROR  OF  AN  INERTIAL  NAVIGATION  SYSTEM  UNDER  TEST 

Through  optimal  filter  techniques#  using  ciris  data 
AS  reference  information,  a KALMAN  FILTER 
modelling  all  The  significant  sources  of  error  for 
THE  Test  ins  and  the  ciris  ins  and  precision 

RANGING  SYSTEM#  IS  EXECUTED  OVER  A SET  OF  SELECTED 
FLIGHT  test  PROFILES.  ThE  ESTIMATION  OF  INDIVIDUAL 
SOURCES  OF  error  IS  SHOWN  TO  BE  INHIBITED  BY 
CORRELATION  OF  THE  CONTRIBUTIONS  OF  ERROR  SOURCES  TO 
THE  MEASURED  QUANTITIES.  HIGHLY  CORRELATED  ERROR 
SOURCES  ARE  THEN  LUMPED  INTO  LINEAR  COMBINATIONS#  AND 
the  reduced  error  model  KALMAN  FILTER  IS  EXECUTED 
OVER  the  test  PROFILES.  (U) 
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UESCRIPTOKS;  ♦inertial  navigation,  6RADI0METERS» 

ERRORS,  ACCURACY,  GRAVITY  (U) 

THE  PURPOSE  OF  THE  STUDY  iS  TO  DEVELOP  A TECHNIQUE 
FOR  combining  GRADIOMETER  and  inertial  NAVIGATION 
SYSTEM  (INS)  OUTPUTS  THAT  MINIMIZES  ThE  NAVIGATION 
AND  gravity  RMS  ERRORS#  AND  TO  DETERMINE  THE 
GRADIOMETER  ACCURACY  NEEDED  FOR  TYPICAL  AIRCRAFT  AND 
MARINE  NAVIGATION  AND  GRAVITY-MAPPING  APPLICATIONS.  (U) 
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DESCKIPTOkS:  *INLR1IAL  guidance#  flNERTlAL 
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TERMINAL  GUIDANCE#  NAVIGATIONAL  AIDS  (U) 

IDENTIFIERS:  ♦RING  LASER  GYROSCOPES#  ♦RING 
LASERS  (U) 

THESE  proceedings  CONTAIN  PAPERS  INCLUDED  IN  THE 
SEVEI'ITh  biennial  guidance  test  SYMPOSIUM. 

THIS  symposium#  HOSTED  BY  THE  CENTRAL  INERTIAL 
GUIDANCE  TEST  FACILITY#  IS  DIRECTED  TOWARD  THE 
EXCHANGE  OF  INFORMATION#  STIMULATION  OF  NEW  IdEAS# 

AND  discussion  OF  RECENT  DEVELOPMENTS  IN  THE  FIELD  OF 
GUIDANCE  testing.  The  PaPeRS  PRESENTED  iN  THESE 
PROCEEDINGS  INCLUDE  SUCH  TOPICS  AS  AIRCRAFT  INERTIAL 
navigators#  STRAPPED-DOWN  guidance  systems#  COMPONENT 
EVALUATION#  AND  ANALYSIS  TECHnIOUES.  THE  INCLUDED 
PAPERS  WERE  ThOSE  PRESENTED  IN  THE  UNCLASSIFIED 
SESSION  OF  the  SYMPOSIUM.  (U) 
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descriptors:  ♦inertial  navigation,  numerical 
analysis,  errors.  KALMAN  FILTERING,  ANOMALIES. 

INERTIAL  systems.  ANGULAR  MOMENTUM.  EQUATIONS  OF 
motion  (U) 

IDENTIFIERS:  ERROR  ANALYSIS.  ERROR  EQUATIONS  (U» 

THE  EOUATIONS  THAT  DESCRIBE  BOTH  THE  NAVIGATION 
MECHANIZATION  AND  THE  PROPAGATION  OF  ERRORS  IN  AN 
UNAIDED  inertial  SYSTEM  ARE  DETAILED.  EXTENSIONS  OF 
THESE  equations  WHICH  APPLY  TO  CONTINUOUS  SPEED  AND 
ALTITUDE  DAMPING  ARE  ALSO  GIVEN.  A GENERAL  VECTOR- 
MATRIX  NOTATION  IS  EMPLOYED.  THEREBY  ELIMINATING  THE 
need  10  SPECIFY  A PARTICULAR  NAVIGATION  MECHANIZATION 
before  setting  down  the  error  equations.  SPECIFIC 
APPLICATION  OF  THE  GENERAL  EQUATIONS  TO  ThE  LOCAL- 
LtVEL.  WANDeR-AZIMUTh  MECHANIZATION  IS  OUTLINED. 

The  detailed  form  of  the  error  equations  is  given 

FOR  BOTH  THE  FREE-INERTI AL  CASE  AND  VARIOUS  CHOICES 
OF  CONTlNOUS  DAMPING.  (U) 
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DESCRIPTORS;  ♦INERTIAL  NAVIGATION*  HYbRiD  SYSTEMS* 
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navigation  computers*  instrumentation* 

CALIBRATION  (U) 

THE  REPORT  DISCUSSES  A HYBRID  NAVIGATIONAL 
SYSTEM  FOR  LOW  ALTITUDE  AIRBORNE  TRACKING  AND  FOR 
accurate  CALIBRATION  OF  RANGE  INSTRUMENTATION 
EOUIPMENT.  system  CONSISTS  OF  AN  AIRBORNE  INERTIAL 
platform*  transponder  for  DISTANCE  MEASURING 
equipment  (dme)  interrogation  (Providing  range 
and  range  measurements)*  barometer  type  altimeter 

OR  A PHASE  ARRAY  RADAR*  AN  AIRBORNE  NAVIGATIONAL  AND 

filtering  computer*  and  ground  based  dme. 
inertial  platform  may  or  may  not  be  torqued.  the 
heart  of  the  system  is  the  navigational  computer  and 

THE  KALMAN  FILTER.  A REFERENCE  TRAJECTORY  IS 
GENERATED  BY  THE  CUBIC  SPLINE  METHOD  AND  ALONG  WITH 
PROPER  coordinate  CONVERSION*  THE  DOPPLER  DATA*  RANGE 

measurements  data*  barometer  data*  and  The  inertial 
measurement  unit  (Imu)  accelerometer  measurements 
corrupted  with  noise  are  simulated,  navigational 
equations,  error  equations*  and  the  KALMAN  FILTER 
algorithm  are  mechanized.  (u) 
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effectiveness,  military  aircraft  (U) 

The  paper  discusses  proliferation  and  when  it  can 

OCCUR.  IT  SPECIFICALLY  LOOKS  aT  THE  ECONOMIC 
QUESTION  OF  WHEN  CAN  IT  BE  COST  EFFECTIVE  TO  USE  AN 
EXISTING  MILITARY  INERTIAL  NAVIGATION  SYSTEM  FOR  NEW 

aircraft  rather  than  developing  and  using  a new 
system.  The  discussion  is  from  a life  cycle  cost 
viewpoint  with  particular  attention  to  The  ’START-UP* 
COSTS.  ATTACHED  WITH  THE  PAPER  IS  A COMPLETE 
REPRODUCTION  OF  THE  INPUT  DATA  AND  COMPUTER  RESULTS 
USED.  (U) 
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costs*  cost  analysis*  computer  PROGRAMS* 
mathematical  models*  Variables*  constants* 
parameters*  logistics  (U) 

iUENTIFIERS;  COS!  OF  OWNERSHIP*  ♦LIFE  CYCLE 
COSTING  (u) 

The  purpose  of  this  report  is  to  document  a 
mathematical  model  currently  being  used  to  evaluate 
the  potential  life  cycle  costs  of  inertial  navigation 
systems,  this  model  has  The  capability  of  isolating 
AND  analyzing  LOGISTICS  START-UP  COSTS.  IT  ALSO 
ALLOWS  POR  INERTIAL  SYSTEM  SUBASSEMBLY  ANALYSIS. 

the  report  includes  definitions  of  all  input  and 

OUTPUT  PARAMETERS*  EXPLANATION  OF  THE  EOUATIONS* 

PROGRAM  listing  WITH  DATA  DECK  DESCRIPTION*  AND  A 
SAMPLE  RUN.  (AUTHOR)  (U) 
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Unclassified  report 


descriptors:  ♦inertial  navigation,  ♦test  VEHICLES. 

GROUND  support  EQUIPMENT.  INERTIAL  MEASUREMENT 
UNITS,  navigation  COMPUTERS.  INFRARED  EQUIPMENT. 

KALMAN  filtering.  COMPUTER  PROGRAMS  (U) 

Identifiers:  pdp-ii  computers.  skc-2ooo  computers. 

KT-70  inertial  MEASURING  UNITS  (U) 

AN  inertial  reference  system  has  been  designed  for 
THE  mobile  evaluation  LABORATORY  USING  A KT- 
70  inertial  measurement  unit,  a speed  SENSOR.  A 
DEVICE  FOR  PROVIDING  POSITION  DATA  AND  TWO  DIGITAL 

computers,  the  analysis  needed  to  optimally  combine 

THE  OUTPUTS  OF  THESE  EQUIPMENTS  IN  THE 
COMPUTER (S)  has  BEEN  ACCOMPLISHED.  THIS 
analysis  produced  a twelve  state  recursive  KALMAN 

filter  based  on  an  error-state-space  problem 
formulation,  the  KALMAN  ERROR  ESTIMATES  ARE  FED 
back  to  The  ins  to  correct  it.  means  for 
handling  the  high  data  rate  from  the  speed  sensor 
have  been  ANALYtEL  AND  A COMPUTATIONALLY  SIMPLE  ONE 
HAS  BEEN  chosen.  THE  ENTIRE  PROBLEM  HAS  BEEN 
FORMULATED  IN  A COMPUTER  SIMULATION  THAT  WAS  USED  IN 
designing  the  system  and  predicting  its  PERFORMANCE. 

THE  final  design  WILL  PROVIDE  STABLE  AND  ACCURATE 
performance  over  a wide  range  of  measurement 
CONDITIONS.  (U) 
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ROCKWELL  INTERNATIONAL  ANaHEIM  CALIF  AUTONETICS  GROUP 

MICRO  navigator  (MICRON)  PHAbE  2A.  VOLUME 

I,  technical  REPORT.  (U) 

ULbCRIPTIVE  note:  FINAL  KEPT,  1 APR  74-1  AUG  75» 

FEb  76  530P  MILLER, JOSEPH  M.  » 

REPT.  NO.  C74-45b/201-VOL-i 
CONTRACT;  F5it3lb-74-C-i099 
PROJ;  AF-ADPt.6bA 
task;  bbt)A03 

monitor;  AFAL  TK-7b-210-VOL-l 

unclassified  report 

supplementary  note;  see  also  volume  2»  AD-A021 
b27. 

DESCRIPTORS;  ♦INERTIAL  NAVIGATION,  *INERTIaL 

measurement  units,  gyro  stabilizers,  strapped  down 

SYSTEMS,  electrostatic  FIELDS,  REACTION  KINETICS, 

METaL  oxide  semiconductors,  navigational  AIDS, 

COST  analysis  (U) 

IDENTIFIERS;  MICRO  NAVIGATORS  (U) 

THE  MICRO  navigator  (MICRON)  IS  A LOW-COST 

highly  reliable,  and  moderately  accurate  strapdown 
inertial  navigator,  the  heart  of  the  micron 
system  is  the  microelectrostatic  gyro  (MESG),  an 
instrument  which  incorporates  an  all-attitude,  whole- 
angle  readout  from  an  electrostatically  suspended 
rotor,  under  previous  air  force  contracts  two 
developmental  navigation  systems  (N57A-1  AND 
Nb7A-2)  WERE  DEVELOPED.  THE  OBJECTIVE  OF  THE 
MICRON  PHASE  2A  CONTRACT  WAS  TO  TEST  n57a-1 
and  N57A-2S  To  DESIGN,  FABRICATE  AND  INTEGRATE 
Two  gyro  SUbASSEMBLlES  AND  ONE  GYRO  TEST  STATION*  TO 
test  gyros  and  gyro  SUBASSEMBLIES)  AND  TO  PERFORM 
analyses,  studies  AND  TRADE-OFFS  FOR  USE  IN  DEFINING 
THE  MICRON  SYSTEM.  BOTH  N57A  SYSTEMS  WERE 
FLIGHT  tested  AND  THE  CAPABILITY  OF  ThE  SYSTEM  TO 

meet  The  position  accuracy  requirement  was 

DEMONSTRATED.  Nb7A-l  WAS  USED  TO  DEMONSTRATE  IN- 
MOTION  POLHUUE  DAMPING.  SYSTEM  RELIABILITY  SCREEN, 
SCORSBY  AND  HEADING  SENSITIVITY  TESTS  WERE 
SUCCESSFULLY  CONDUCTED  ON  N57A-2.  (U) 
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ROCKWELL  international  ANAHEIM  CALIF  AUTONETICS  GROUP 
MICRO  navigator  (MICRON)  PHASE  2A. 

VOLUME  11,  APPENDICES.  (U) 

DESCRIPTIVE  note;  FINAL  REPT.  1 APR  74-1  AUG  75» 

FEB  76  232P  MILLER# JOSEPH  M.  i 

REPT.  NO.  C74-455/201-VOL-2 
CONTRACT;  F33615-74-C-1099 
PROJ;  AF-ADPfa66A 
TASK:  666A03 

monitor;  AFAL  TR-75-210-VOL-2 

Unclassified  report 

supplementary  note;  see  also  volume  1»  AD-A021 

526. 

DESCRIPTORS;  ♦INERTIAL  NAVIGATION#  ♦INERTIAL 
MEASUREMENT  DNITS#  GYRO  STABILIZERS#  STRAPPED  DOWN 
SYSTEMS#  electrostatic  FIELDS#  REACTION  KINETICS# 
metal  oxide  SEMICONDUCTORS#  NAVIGATIONAL  AIDS# 

COST  analysis 

IDENTIFIERS;  MICRO  NAVIGATORS 

The  OBJECTIVE  OF  THE  MICRON  PhASE  2A  CONTRACT 
WAS  TO  TEST  N57A-1  AND  N57A-2J  TO  DESIGN# 
fabricate  and  integrate  two  gyro  SUBASSEMBLIES  AND 
ONE  gyro  test  station;  to  test  gyro  and  gyro 
subassemblies;  and  to  perform  analyses » studies  and 
trade-offs  for  use  in  defining  the  micron  system. 

both  N57A  SYSTEMS  WERE  FLIGHT  TESTED  AND  THE 
CAPABILITY  OF  THE  SYSTEM  TO  MEET  THE  POSITION 
accuracy  REOUiREMENT  was  demonstrated.  N57A-1 
WAS  USED  TO  demonstrate  IN-MOTION  POLHODE  DAMPING, 

system  reliability  screen#  scorsby  and  heading 
SENSITIVITY  Tests  were  successfully  conducted  on 
N57A-2.  TWO  GYRO  SUBASSEMBLIES  AND  ONE  GYRO 
TEST  station  WERE  DESIGNED#  FABRICATED#  AND 
INTEGRATED.  ONE  SUBASSEMBLY  WAS  USED  FOR  MESGA 
development  testing  and  one  WAS  USED  FOR  4-PLATE  GYRO 
AND  ELECTRONICS  DEVELOPMENT.  GETTER  GYROS  WERE 
FABRICATED  AND  TESTED.  A GYRO  DESIGN  EVOLVED  WHICH 
meets  The  fast  reaction  requirement,  a ’SMALL  gap* 

GYRO  WAS  developed  WHICH  REDUCES  THE  COST  OF  GYRO 
SUSPENSION  electronics.  SYSTEM  ANALYSES#  STUDIES# 

AND  Trade-offs  were  made  which  resulted  in  circuit 
simplification#  reduced  costs#  and  partitioning  to 
meet  maintainability  and  producibility 
requirements.  (u) 
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application  of  a reliability  and 
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descriptors:  ♦inertial  navigation^  ♦gyroscopes* 
♦maintenance*  ♦reliability*  ♦meetings*  cost 
analysis*  depots*  air  force  facilities* 
government (FOREIGN) * SWEDEN*  FIGHTER  AIRCRAFT  (U) 

identifiers:  warranties*  life  CYCLE  Costs* 
PRAM(PROdUCTIVITY  reliability  availability 
MAINTAINABILITY)*  PRODUCTIVITY  RELIABILITY 
AVAILABILITY  MAINTAINABILITY  (U) 

approaches  TO  depot  warranties  in  the  royal 

Swedish  air  force  and  u.  s.  air  force 

ARE  discussed.  THE  DEVELOPMENT  DETAILS  OF  A 

warranty  for  an  inertial  guidance  system  are  given.  (U) 
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PRACTICAL  ASPECTS  OF  KALMAN  FILTERING 

implementation.  (U) 

DESCRIPTIVE  note;  LECTURE  SERIES. 

MAR  76  18faP 

kept.  NO.  AGAHD-LS-82.  ISBN-92-835-0160-8 

unclassified  report 

SUPPLEMENTARY  NOTe:  PRESENTED  AT  NORWAY  (10-11  MAY 
1976).  THE  NETHERLANDS  (13-14  mAY  1976)  AND 
ITALY  (17-18  may  1976.  NATO  FURNISHED. 

DESCRIPTORS;  ♦KALMAN  FILTERING.  ♦CONTROL  THEORY^ 
♦inertial  GUIDANCE.  ♦INERTIAL  NAVIGATION. 
mathematical  models.  OPTIMIZATION.  NATO  (U) 

{CONTENTS;  experiences  IN  THE  DEVELOPMENT  OF 
AIDED  INS  FOR  AIRCRAFT)  PRACTICAL  CONSIDERATIONS 
IN  IMPLEMENTING  KaLMAN  FILTERS?  EXPERIENCES  WITH 
THE  b-1  navigation  FILTER?  EXPERIENCES  IN  FLIGHT 
testing  hybrid  NAVIGATION  SYSTEMS?  ETUDE  ET 
RLALISATIONS  UE  FILTRES  DE  KALMAN  POUR  SYSTEMES  DE 

navigation?  a ship  tracking  system  using  a 
kalman-schmidt  filter?  design  and  analysis  of 
low-order  filters  applied  to  the  alignment  of 
inertial  platforms?  KALMAN  FILTER  BIBLIOGRAPHY.  (U) 
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UEbCRlPTiVE  NuTe:  FINAL  RLPT.r 

APR  7b  9bP  GORAK»RObERT  JOSEPH  f 

KEPT.  NO.  DARCOM-ITC-02-08-7b-00b 

unclassified  report 


DESCRIPTORS;  ♦CALIbRAT I0N»  ♦GYROSCOPES,  ♦INERTjAL 
NAVIGATION,  DOWNTIME*  REDUCTION*  PERTURBATIONS, 

SYSTEMS  engineering*  FEASIBILITY  STUDIES  (U) 

the  availability  of  a SYSTEM  CAN  BE  UPGRADED  IF  THE 
USUAL  downtime  ALLOCATED  FOR  PERFORMING  CALIBRATION 

Tasks  is  reduced  or  eliminated*  the  objective  of 

THIS  PAPER  IS  TO  STUDY  THE  FEASIBILITY  OF  PERFORMING 

The  calibration  of  system  parameters  while  the  system 
IS  IN  AN  operate  mode.  TO  THIS  END*  A CALIBRATION 
TECHNIQUE  EXHIBITING  THIS  FEATURE  WAS  DEVELOPED  AND 
STUDIED  FOR  A MARINE  INERTIAL  NAVIGATION  SYSTEM. 

THE  ERRORS  INTRODUCED  BY  ThE  CALIBRATION  TECHNIQUE 
WERE  EXAMINED  AND  PROBLEMATIC  AREAS  WERE.  OUTLINED. 
ALTHOUGH  THE  REPORT  IS  DIRECTED  SPECIFICALLY 
TOWARDS  The  Calibration  of  certain  parameters  of  a 
particular  system*  The  ideas  and  concepts  presented 
in  the  development  of  The  report’s  calibration 
TECHNIQUE  SHOULD  BE  APPLICABLE  TO  OTHER  SYSTEM  FOR 
THE  elimination  Of  ALL  OR  SOME  OF  THEIR  CALIBRATION 
DOWNTIME.  The  formulation  OF  A SIMILAR  TYPE  OF 
CALIBRATION  PROCEDURE  IS  ESPECIALLY  DESIRABLE  FOR 

systems  whose  unavailability  at  A time  of  critical 

NEED  COULD  RESULT  IN  A CATASTROPHIC  LOSS  OF  MEN, 
MATERIAL  and  TACTICAL  ADVANTAGE.  (AUTHOR)  (U) 
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AIK  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  aFB  OhIO  SCHOOL  OF 

engineering 

A DIGITAL  CONTROLLER  FOR  HORIZONTAL  ANGULAR 
MOTION  OF  the  FUSRL  SEISMIC  ISOLATION 

PLATFORM.  (U) 

DESCRIPTIVE  note:  MASTER'S  THESIS. 

JUN  76  122P  aURKHART.MARTIN  J.  » 

REPT.  NO.  GE/EE/76-6 

UNCLASSIFIED  REPORT 


I descriptors;  ♦stabilized  platforms,  ♦control 

\ SYSTEMS,  ♦digital  SYSTEMS.  ♦INERTIAL  NAVIGATION. 

♦STOCHASTIC  PROCESSES.  DIGITAL  COMPUTERS. 

PNEUMATIC  devices.  HORIZONTAL  STABILIZERS.  KALMAN 
FILTERING.  NAVIGATION  COMPUTERS.  NAVIGATIONAL  AIDS  (U) 
IDENTIFIERS:  ♦SEISMIC  ISOLATION  PLATFORM. 

HORIZONTAL  ANGULAR  MOTION.  STOCHASTIC  CONTROLLER. 
inertial  instrument  testing.  DESIGN.  DIGITAL 
CONTROL  systems  (U) 

THIS  STUDY  IS  PART  OF  A CONTINUING  EFFORT  TO 
DEVELOP  A STOCHASTIC  CONTROLLER  FOR  ThE  ANGULAR 
MOTION  ABOUT  A HORIZONTAL  AXIS  OF  THE  SEISMIC 
ISOLATION  PLATFORM  AT  THE  FRANK  J.  SEILER 
RESEARCH  LABORATORY.  THE  DESIGN  OF  A DIGITAL 
CONTROLLER  IS  INVESTIGATED  BASED  ON  ThE  ASSUMPTION 
that  a KALMAN  FILTER  WOULD  PROVIDE  SUFFICIENTLY 
accurate  ESTIMATIONS  OF  THE  STATES  OF  THE  SYSTEM. 

The  design  specifications  are  to  maintain  angular 
POSITION  within  + or  - 0.001  aRcseconds  and  angular 
VELOCITY  within  + OR  - 1.6  X 0.00001  aRCSECONDS  PER 
SECOND  FOR  A STEP  FUNCTION  OF  1.25  FT-LBS  APPLIED  TO 
THE  PLATFORM.  DISCRETE  MODELS  FOR  THE  PLATFORM  AND 
TWO  ACTUATORS  ARE  DEVELOPED.  THE  DISCRETE  MODELS 
ARE  USED  TO  DESIGN  A CONTROLLER  FOR  EACH  ACTUATOR. 

A CONTROLLER  FOR  THE  PNEUMATIC  ACTUATOR  IS  DESIGNED 
I TO  FORCE  THE  PLATFORM  TO  A ZERO  STEADY-STATE 

position,  an  optimal  CONTROLLER.  WHICH  REGULATES 
THE  CLOSED  PNlUMATIC  LOOP.  IS  DESIGNtD  FOR  THE  SHAKER 
ACTUATOR.  A THEORETICAL  EVALUATION  OF  THE  CONTROL 

system  shows  angular  position  is  maintained  within  ♦ 

OR  - 2.81  X O.OOtil  ARCSECONDS  AND  ANGULAR  VELOCITY 
has  a peak  overshoot  of  2.24  X 0.01  ARCSECONDS  PER 
SECOND  bUT  SETTLES  TO  WITHIN  THE  DESIGN  SPECIFICATION 
IN  0.08  SECONDS.  (U) 
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unclassified  report 


DESCRIPTORS;  ♦CARGO  AIRCRAFT#  ^FLIGHT  CREWS# 

♦inertial  navigation#  feasibility  studies, 
reduction#  performance  tests#  mission  profiles# 

SYSTEMS  engineering#  PERSONNEL  MANAGEMENT# 

STRATEGIC  AIR  COMMAND  (U) 

IDENTIFIERS;  KC-13b  AIRCRAFT#  gIANT  CHANGE  FLIGHT 
CREW  TEST#  dual  NAVIGATION  SYSTEMS#  C-135 
AIRCRAFT  (U) 

THE  strategic  AIR  COMMAND  CONDUCTED  A TEST  TO 
DETERMINE  THE  FEASIBILITY  OF  REDUCING  THE  SIZE  OF  THE 
KC-13b  CREW  complement  WHILE  MAINTAINING  MISSION 

effectiveness.  This  test  investigated  The 

POSSIBILITY  OF  USING  A THREE  mAN  CREW  (PILOT# 

COPILOT#  AND  BOOM  OPERATOR)  wiTh  THE  COPILOT 
ASSUMING  THE  NAVIGATION  DUTIES  WITH  ThE  AID  OF  A DUAL 
inertial  navigation  SYSTEM  (InS).  THE 
EXERCISE  TERM  ASSIGNED  THE  TEST  WAS  GIANT 
CHANGE.  (U) 
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UEFENSE  systems  MANAGEMENT  SCHOOL  FORT  BELVOIR  VA 

COST  effective  ILS.  A CASE  STUDY  AND 

evaluation.  (U) 

UESCKIPIIVE  note:  study  PROJECT  REPT.* 

NOV  74  55P  GRUBB f JAMES  R.  » 

PROJ;  USMS-PMC-74-<; 

unclassified  report 
availability:  microfiche  copies  only. 

descriptors:  ♦logistics  support » ♦cost 
EFFECTIVENESS»  ♦inertial  NaVIGaTION»  ♦systems 
MANAGEMENT » NAVAL  PROCUREMENT.  INTEGRATED  SYSTEMS. 

COST  estimates,  life  CYCLE  COSTS.  DISPLAY  SYSTEMS. 
STABILIZED  PLATFORMS.  AVIONICS.  DOPPLER  RADAR  (U) 

IDENTIFIERS;  *INTE6RATED  LOGISTIC  SUPPORT  (U) 

THE  PURPOSE  OF  THIS  CASE  STUDY  IS  TO  DETERMINE» 

Through  the  analyses  of  the  acquisition  of  a system. 

The  areas  which  impact  achieving  ILS  IN  A COST 
effective  manner,  the  problem  areas  are  IDENTIFIED 
IN  The  case  and  recommendations  are  made  to  correct 
situations  which  impair  achieving  cost  effective 
ILS.  (author)  (U) 
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agmc  life  cycle  Cost  models  an  accounting 

model  for  inertial  navigation  systems,  (U) 

DESCRIPTIVE  note:  FINAL  KEPT., 

AUG  7b  70P  ROGGEfRiCHARD  W.  » 

REPT,  NO.  AGMC-XRX-76-3 

unclassified  REPORT 
availability:  microfiche  COPIES  ONLY, 

descriptoks:  *inertial  navigation,  ♦life  cycle 
COSTS,  cost  models,  COST  ANALYSIS,  ACCOUNTING  (U) 

THIS  REPORT  DESCRIBED  THE  ACCOUNTING  MODEL 

developed  by  agmc  to  evaluate  The  life  cycle 

COSTS  OF  inertial  NAVIGATION  SYSTEMS. 

HOWEVER,  iT  IS  A GENERAL  PURPOSE  MODEL  AND  MAY  BE 

tailorld  for  other  Than  inertial  navigation 
systems  by  simply  re-naming  Parameters  as 
applicable.  The  purpose  of  the  model  is  to 
provide  a method  to  compare  Two  or  more  types  of 
systems,  or  Maintenance  options  on  the  same  system. 

IT  provides  a simplified  approach  to  modeling 

COSTS,  AS  THE  NUMBER  OF  DIFFERENT  TYPES  OF  INPUT  DATA 
REOUIRED  IS  relatively  SMALL.  THIS  MODEL  HAS  THE 
CAPABILITY  OF  ISOLATING  AND  IDENTIFYING  START-UP 
COSTS  AND  RECURRING  COSTS.  IT  ALLOWS  ANALYSIS 

THROUGH  Three  indenture  levels:  line 

REPLACEABLE  UNITS  (LRU),  SHOP  REPLACEABLE 
UNITS  (SRU),  AND  DEPOT  REPLACEABLE  UNITS 
(URU).  INCLUDED  IN  THIS  REPORT  ARE  A DESCRIPTION 
OF  PARAMETERS,  MODEL  EQUATIONS,  A SAMPLE  RUN  PRINT 
OUT  AND  A PROGRAM  LISTING  OF  THE  MODEL, 

(AUTHOR)  (U) 
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FEDERAL  AVIATION  ADMINISTRATION  WASHINGTON  D C SYSTEMS 

research  and  development  service 

A COMPARISON  OF  AIR  RADIONAVIOATION  SYSTEMS 
(FOR  HELICOPTERS  IN  OFF-SHORE 

AREAS).  (U) 

DESCRIPTIVE  note:  FINAL  REPT.» 
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descriptors:  ♦radio  navigation.  ♦DOPPLER  navigation, 
♦inertial  navioation.  ♦navigational  aids. 

HELICOPTERSf  offshore.  FLIGHT  PATHS.  OMEGA 
navigation,  very  low  FREQUENCY.  LORAN» 
omnidirectional^  TACAN.  DISTANCE  MEASURING 
EQUIPMENT.  GLOBAL  POSITIONING  SYSTEM.  NAVIGATION 
SATELLITES.  RADIO  BEACONS  (U) 

IDENTIFIERS;  LORAN  C (U) 

THIS  PAPER  examines  THE  TECHNICAL  POTENTIAL  OF  TEN 

navigation  systems  That  may  meet  specific  ifr  en 
ROUTE  navigation  REQUIREMENTS  FOR  HELICOPTERS 
OPERATING  IN  OFF-SHORE  AREAS.  TECHNICAL  FACTORS 
CONSIDERED  ESSENTIAL  FOR  NAVIGATION  ARE:  (1) 

OPERATIONAL  RANGE.  (2)  OPERATIONAL  ALTITUDE. 

(3)  ACCURACY.  AND  (4)  RELIABILITY.  NOT 
ADDRESSED  IN  THIS  PAPER  ARE  SUCH  OPERATIONAL  FACTORS 
AS  PILOT  WORKLOAD.  NUMBER  OF  WAY  POINTS.  TYPE  OF 
display,  etc.  estimated  USER  equipment  COST  WILL  BE 
included  because  OF  ITS  IMPORTANCE  IN  SYSTEM 
SELECTION.  (AUTHOR)  (U) 


153 

UNCLASSIFIED 


Z0MO7 


UNCLASSIFIED 


UUC  KtPORT  UlbLIOGRAPHY  SlaRCH  COi'lTROL  NO.  ZUM07  I 

AD-AOil  770  17/7  i | 

aerospace  guidance  and  METROLO&Y  center  NEWARK  AIR  FORCE  ' I 

STATION  Ohio  I 

proceedings  of  the  life  cycle  cost  task  \ 

GROUP  OF  THE  JOINT  SERVICES  DaTA  EXCHANGE 
FOR  INERTIAL  SYSTEMS  QUARTERLY  MEETING 
(bTH)  HELD  AT  ST,  PETERSBURG*  FLORIDA*  ON 
25-27  FEBRUARY  1975.  (U) 
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t DESCRIPTORS;  *LIF£  CYCLES*  *COST  ANALYSIS* 

: ♦inertial  systems*  ♦meetings*  ♦inertial 

NAVIGATION*  COSTS*  BUDGETS*  LOGISTICS*  DESIGN  TO 
COST*  JOINT  MILITARY  ACTIVITIES*  MAINTENANCE* 

SPARE  parts*  management  PLANNING  AND  CONTROL* 
ACQUISITION*  ECONOMICS* 

RELIABILITY (ELECTRONICS)  (U) 

These  proceedings  describe  the  activities  of  the 

SIXTH  quarterly  MEETING  OF  THE  LIFE  CYCLE  COST 
TASK  GROUP  OF  THE  JOINT  SERVICES  DATA 
EXCHANGE  FOR.  INERTIAL  SYSTEMS  HELD  25  - 27 
FEBRUARY  1975  IN  ST.  PETERSBURG*  FLORIDA. 

THE  proceedings  CONTAIN  THE  TEXTS  AND  SLIDES 
(WHERE  AVAILABLE)  OF  THE  INVITED  PAPERS  AND  THE 
' RESULTS  OF  SUb-GROUP  MEETINGS  ON  CREATION  OF  AN  LCC 

TASK  GROUP  DESCRIPTIVE  PAPER  AND  PREPARATION  OF 
INPUT/OUTPUT  SPECIFICATIONS  AND  FINALIZATION  OF 
VARIABLE  names  FOR  THE  LCC  MOdEL  UNDER  DEVELOPMENT. 
(AUTHOR)  (U) 
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COSINE  MATRIX.  (U) 

DESCRIPTIVE  note;  FINAL  REPT.  1 JUN  74-31  MAY  76, 
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Y.  i 

REPT.  no.  TAE-ZBb 
contract;  AF-AFOSR-2743-74 
PROJ;  AF-609b 
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unclassified  report 


descriptors;  ♦inertial  navigation# 

♦matrices(mathematics) , differential  Equations, 
iterations,  algorithms#  numerical  integration# 

COMPUTATIONS#  COMPUTER  APPLICATIONS#  ISRAEL  (U) 

IDENTIFIERS;  ♦DIRECTION  COSINE  MATRIX  (U) 

WHEN  The  direction  cosine  matrix  tDCM)  IS 
USED  IN  STRAPDOWN  INERTIAL  NAVIGATION  OR  OTHER 
AEROSPACE  SYSTEMS  TO  DESCRIBE  VEHICULAR  ATTITUDE#  IT 
IS  computed  INACCURATELY  DUE  TO  THE  USE  OF  FAST  BUT 
IMPRECISE  ALGORITHMS#  AND  THE  RESULTING  MATRIX  IS 
OFTEN  Not  orthogonal.  BY  PERIODICALLY  RESTORING  THE 

orthogonality  of  the  erroneous  DCM#  The  errors  can 
be  reduced,  a natural  way  of  restoring  The 
orthogonality  is  to  replace  The  dcm  with  an 
orthogonal  matrix  which  is  closest  in  the  euclidean 
SENSE  TO  the  COMPUTED  DCM.  THE  EXPRESSION  FOR 
THIS  MATRIX#  WHICH  IS  OF  COURSE  A FUNCTION  OF  THE 
COMPUTED  DCM#  IS  DIFFICULT  TO  EVALUATE  EXPLICITLY# 

SO  that  iterative  techniques  have  BEEN  SUGGESTED  IN 
THIS  WORK  AND  ELSEWHERE.  THE  USE  OF  ITERATIVE 
TECHNIQUES  RAISES  THE  QUESTION  OF  CONVERGENCE 

criteria  and  properties  which  had  not  been  thoroughly 
investigated.  This  work  deals  with  the 
investigation  of  the  convergence  of  Five  such 
ITERATIVE  techniques.  (U) 
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AIR  FORCE  INST  OF  TECH  WRIGHT-PATTERSON  AFB  OHIO  SCHOOL  OF 

SYSTEMS  AND  LOGISTICS  j 

AN  ANALYSIS  OF  USAF  DEPOT  LEVEL 

MAINTENANCE  CAPABILITY  TO  MEET  SURGE 

REQUIREMENTS  FOR  A RIW  ITEM;  THE  C/KC- 

135»  C-141  INERTIAL  NAVIGATION  SYSTEM.  (U) 

UtSCRIPTIVE  note;  MASTER'S  THESIS.  ; 

SEP  76  147P  SHARP.OAHY  W.  fTOSHACHi 

JOHN  C.  J 

REPT.  no.  SLSK-1S-76B  ] 

UNCLASSIFIED  REPORT 
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Descriptors;  ♦maintenance  management,  ♦inertial 
navigation,  maintenance,  repair,  life  cycle  COSTS. 

Requirements,  theses,  aircraft  equipment,  jet 
transport  planes  lU) 

identifiers;  reliability  improvement  warranty,  c- 

13b  aircraft.  KC-135  AIRCRAFT.  C-141  AIRCRAFT  (U) 

THE  study  presents  AN  ANALYSIS  OF  ThE  IMPACT  OF  AN 
RIW  CONTRACT  ON  THE  MAINTENANCE  SUPPORT  OF  THE  C/ 

KC-13b.  C-141  inertial  NAVIGATION  SYSTEM  IN  ThE 
EVENT  OF  A NATIONAL  EMERGENCY,  THE  STUDY  REVEALED 
THAT  ADEQUATE  SUPPORT  COULD  BE  MAINTAINED  THROUGH  A 

combination  of  The  ins  contractor's  maintenance 
SUPPORT  and  The  repair  capability  that  Could  be 

DEVELOPED  BY  IN-HOUSE  REPAIR  FACILITIES.  IF  ThE 

contractor  meets  the  guaranteed  mtbf,  failure  To 
meet  The  guaranteed  mtbf  would  result  in 
disruptions  of  support,  the  study  recommends  an 
analysis  of  support  capabilities  to  meet  national 

EMERGENCY  SURGES  PRIOR  TO  COMMITMENT  TO  RELIABILITY 

improvement  Warranties  for  sole  maintenance 

SUPPORT.  (U) 
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descriptors;  ♦inertial  systems#  ♦life  cycle  costs# 
♦inertial  navigation#  meetings#  joint  military 
activities#  design  to  cost#  models#  guarantees# 
failure#  reliability#  avionics#  jet  fighters# 
symposia  (U> 

identifiers:  f-ib  aircraft#  warranties  (u) 

THESE  proceedings  DESCRIBE  THE  SEVENTH  QUARTERLY 
meeting  of  the  life  cycle  cost  task  group 
OF  the  joint  services  data  exchange  for 
inertial  systems  held  29-31  JULY  1975  IN 
FAIRBORN#  OHIO.  THE  CONFERENCE  PROCEEDINGS 
include  the  slides  and  texts  of  the  INVITED  PAPERS 
WHICH  were  available#  The  minutes  of  the  executive 
board  meeting#  a list  of  terms  and  acronyms  used  in 

LIFE  CYCLE  COSTING#  AND  REPORTS  OF  PROGRESS  IN 
SPECIAL  working  GROUPS  AND  ON  THE  TASK  GROUPS  LIFE 
CYCLE  COST  model.  (AUTHOR)  (U) 


157 

UNCLASSIFIED 


Z0MO7 


UNCLASSIFIED 


UDt  REPOKT  BIUHOGRAPHY  search  control  no.  Z0MO7 
AU-AU^**  ;d7b  17/7 

AIR  FORCE  INST  OF  TECH  WR IGHT-PATTERSON  AFB  OHIO  SCHOOL  OF 
tNGINtERiNO 

COVARIANCE  ANALYSIS  OF  KALMAN  FILTERS 
PROPOSED  FOR  A RADIOMETRIC  AREA  CORRELATOR/ 

inertial  navigation  guidance  system.  (U) 
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DESCRIPTORS; 

NAVIGATION* 

COVARIANCE* 

STANDOFF 

IDENTIFIERS; 


*kalman  filtering*  ♦inertial 
♦radiomeitry*  ♦weapon  delivery* 
strapped  down  systems*  radiometers* 

♦AREA  correlators 


(U) 

(U) 


IN  This  report*  a covariance  analysis  is  performed 

ON  TWO  KALMAN  FILTERS  PROPOSED  FOR  USE  IN  A WEAPON 
SYSTEM  UTILIZING  A STRAPDOWN  INERTIAL  NAVIGATION 
system  tlNS)*  UPDATED  BY  POSITION  DATA  FROM  A 

radiometric  area  correlator  (RAO*  for  guidance, 
filter  performance  is  analyzed  when  PRIMARY 
navigation  information  is  provided  by  a SPERRY 

INS*  WHICH  USES  LASER  GYROSCOPES*  AND  WHEN  AN  INS 
employing  CONVENTIONAL  DRY-TUnED  GYROSCOPES* 
MANUFACTURED  bY  HAMILTON-STANDARD*  IS 
INCORPORATED  INTO  THE  WEAPON  SYSTEM.  FOR  THE 
COVARIANCE  ANALYSIS*  TRUTH  MODELS  IN  THE  FORM  OF 
LINEAR  state  EQUATIONS  ARE  PRESENTED  WHICH  REFLECT 

the  best  description  OF  The  weapon  system  when  either 

THE  SPERRY  OR  HAMILTON-STANDARD  INS  IS  USED. 

THE  SPERRY  SYSTEM  MODEL  IS  COMPOSED  OF  **6  STATES 
AND  The  HAMILTON-STANDARD  SYSTEM  MODEL  G1  STATES. 
PRIMARY  EMPHASIS  IN  THIS  INVESTIGATION  IS  PLACED  ON 
MINIMIZING  SYSTEM  TERMINAL  NAVIGATION  ERROR.  (U) 
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DESCRIPTORS;  ♦INERTIAL  NAVIGATlONr  ♦HANDBOOKS^ 

♦FLIGHT  testing^  TEST  METHODS#  COMPUTER  PROGRAM 
DOCUMENTATION#  COMPUTER  PROGRAMS#  SYSTEMS 
ENGINEERING#  DATA  REDUCTION  (U) 

THIS  HANDBOOK  DESCRIBES  THE  METHODS  BEING  USED  IN 
testing  an  inertial  navigation  SYSTEM  AT  THE  AlR 
FORCE  FLIGHT  TEST  CENTER  (AFFTC).  FUTURE 
TECHNOLOGICAL  ADVANCES#  DEVIATIONS  FOR  PECULIAR 
CHARACTERISTICS  OF  INDIVIDUAL  TEST  PROGRAMS#  AND  COST 

constraints  may  necessitate  other  methods  being  used 

IN  SOME  CASES.  A BACKGROUND  ON  INERTIAL  NAVIGATION 

systems#  flight  testing#  and  documentation  of 
COMPUTER  software'  DEVELOPED  FOR  POST-FLIGHT  REDUCTION 
OF  DATA  IS  presented.  (AUTHOR)  (U) 
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ARMAMENT  ULVLLOPMLNT  AND  TEST  CENTER  EGLIN  AFb  FLA 

TEST  PLANNING  INFORMATION  AND  PROCEDURES  FOR 

testing  AIRCRAFT  NAVIGATION  SYSTEMS,  (U) 

OCT  7b  llbP  KING, ALTON  B.  JSANDLIN, 
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RLPT,  no.  ADTC-TR-75-70 

Unclassified  report 


descriptors;  *inertial  navigation,  navigators, 

AIRBORNE,  TEST  METHODS,  DATA  REDUCTION, 

helicopters#  jet  fighters,  circular  error 
probable,  pallets,  mission  profiles,  Planning, 
test  facilities 

identifiers:  Uh-1H  aircraft,  RF-4C 

AIRCRAFT 

THE  designation  OF  THE  CENTRAL  INERTIaL 
guidance  test  facility  (Cigtf)  as  the  DOD 

FOCAL  point  for  AIRCRAFT  INERTIAL  NAVIGATOR  TEST  AND 
EVALUATION  REQUIRED  THAT  A GENERALIZED  TEST  PLAN  BE 
written  to  govern  all  FUTURE  TESTS.  THIS  DOCUMENT 
OUT  LINES  SUCH  A STANDARDIZED  TEST,  INCLUDING 
TEST  philosophy  AND  OBJECTIVES,  THE  TEST  APPROACH  AND 
AN  OUTLINE  OF  THE  TEST  PROCEDURE.  IT  PROVIDES  ThE 
READER  WITH  AN  UNDERSTANDING  OF  ThE  6585TH  TEST 
GROUP, S aircraft  NAVIGATOR  TEST  CAPABILITIES,  ThE 
TYPES  OF  TEST  PROGRAMS  CURRENTLY  AVAILABLE,  AND  THE 
requirements  NECESSARY  FOR  AN  AGENCY  TO  ENTER  SYSTEMS 
IN  THESE  programs.  TEN  APPENDICES  WHICH  COVER  AREAS 
SUCH  AS  ANALYSIS  METHODS,  LAbORATORY  TESTING,  AND 
instrumentation,  are  included  to  PROVIDE  THE  CUSTOMER 
WITH  ADDITIONAL  DETAILED  INFORMATION. 

(AUTHOR)  (U) 
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(U) 


160 

UNCuASSlFIEU 


ZOMOy 


UNCLAbSiFiED 


UDC  REPORT  bIBLIOORAPHY  SEARCH  CONTROL  NO.  Z0MO7 

AD-A041  677  17/7  9/2  9/5 

AIR  FORCE  AVIONICS  LAB  WRIGHT-PATTERSON  AFB  OHIO 

CONVERSION  OF  COMPUTER  SOFTWARE  FOR  ThE 
GIMBALLED  ELECTROSTATIC  GYRO  NAVIGATION 
SYSTEM,  volume  II.  5KC-2000  COMPUTER 

listing. 

DESCRIPTIVE  note;  FINAL  REPT.  MAY  73-UEC  75r 

FEB  77  213P  MIKULSKI » WILLI AM  »SHEPHARD» 

WILLIAM  E.  ; 

KEPT.  NO.  AFAL-TR-77-B-VOL-2 
PROJ:  1927 

task;  02 


UNCLASSIFIED  REPORT 
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DESCRIPTORS;  ♦NAVIGATION  COMPUTERS#  ♦INERTIAL 

navigation#  ♦gyroscopes#  ♦electrostatic  fields# 

♦COMPUTER  PROGRAMS#  ELECTRICAL  EOUIPMEnT#  DIGITAL 
COMPUTERS#  INERTIAL  MEASUREMENT  UNITS#  ALIGNMENT 
IDENTIFIERS;  SKC-2000  COMPUTERS#  HDC-bOl 
computers#  electrostatic  gyroscopes#  GIMBALLED 
ELECTROSTATIC  GYRO  NAVIGATION  SYSTEM# 

GEANS (GIMBALLED  ELECTROSTATIC  GYRO  NAVIGATION 
SYSTEM)#  WUAFAL19270202#  PE64609F 
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AIR  FORCE  AVIONICS  LAB  v\/K IGHT-PATTERSON  AFB  OHIO 

LONVEHSiON  OF  COMPUTER  SOFTinARE  FOR  ThE 
GIMBALLEU  ELECTROSTATIC  GYRO  NAVIGATION 

system,  volume  I. 
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unclassified  report 

supplementary  note;  see  also  volume  2>  AD-A041 
677. 

descriptors;  *NAVlbATiON  COMPUTERS^  ♦GYROSCOPES^ 
♦electrostatic  fields,  *INERTIaL  NAVIOATION, 
♦COMPUTER  programs#  ELECTRICAL  EQUIPMENT#  DIGITAL 

computers#  inertial  measurement  units#  alignment 
identifiers;  GEANS(GIMBALLED  electrostatic  gyro 
NAVIGATION  SYSTEM)#  GIMBALLEO  ELECTROSTATIC 
GYRO  navigation  SYSTEM#  ELECTROSTATIC  GYROSCOPES# 
SkC-2000  COMPUTERS#  HDC-601  COMPUTERS# 
WUAFAL19270202,  PE6'+609F 

THE  GIMBALLED  ELECTROSTATIC  GYRO  NAVIGATION 
system  (GEANS)  conversion  effort  CONSISTED  OF  THE 
CONVERSION  OF  AN  ASSEMBLY  LANGUAGE  PROGRAM  FOR  THE 
HONEYWELL  HDC-601  COMPUTER  TO  ANOTHER  ASSEMBLY 
LANGUAGE  PROGRAM  FOR  THE  SI NGER/KEARFOTT  SKC- 
2000  COMPUTER.  THE  HDC-601  AND  SKC-200n  WERE 
RUN  IN  REAL  TIME  SIMULTANEOUSLY.  THE  SKC-2000 
REAL  TIME  EXECUTIVE  AUTOMATICALLY  SYNCHRONIZED  WITH 
the  HDC-601  SO  BOTH  PROGRAMS  RAN  IN  PARALLEL#  USING 
THE  SAME  INPUT  DATA  FROM  THE  INERTIAL  MEASUREMENT 
UNIT  (lUM).  ALIGNMENT  AND  NAVIGATION  OUTPUT 

uF  both  programs  could  Then  be  compared  and  thE 

SKC-200U  OUTPUT  VERIFIED.  THE  CONVERSION  WAS 
completed  SUCCESSFULLY#  THE  HDC-601  AND  SKC-2000 
OUTPUTS  agreeing  TO  ABOUT  O.Ulb  NAUTICAL  MILES  PER 
HOUR.  (AUTHOR) 
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DESCRIPTORS;  ♦INERTIAL  NAVIGATION#  SURFACE 

Navigation#  gravity#  geopotential#  gravity 

ANOMALIES#  GEODESY#  FAST  FOURIER  TRANSFORMS# 
navigation#  models#  CRUISE  MISSILES# 

GRADIOMETERS#  PRECISION  (U) 

IDENTIFIERS;  TERRESTRIAL  NAVIGATION  (U) 

A HISTORICAL  PERSPECTIVE  OF  GRAVITY  MODELING  FOR 

terrestrial  navigation  is  presented,  the 

TRADITIONAL  ELLIPSOIDAL  MODEL  IS  EXPLAINED#  AND  ThE 
consequent  errors  are  DISCUSSED.  THE  PROPAGATION 
OF  these  errors  into  navigation  estimation  errors  IS 

PRESENTED.  A BRIEF  SURVEY  OF  ADVANCED  MODELING 
METHODS  AND  ThE  PERTINENT  THEORY  IS  PRESENTED.  THE 
SYSTEM  DESIGN  PROBLEM  OF  SELECTING  AN  ADVANCED 
GRAVITY  MODEL  IS  PRESENTED  AS  A SCENARIO  TO  MOTIVATE 
THE  PROPOSED  RESEARCH.  TO  ADDRESS  THIS  PROBLEM#  A 
NE«  THEORETICAL  ANALYSIS  TECHNIQUE  IS  DEVELOPED. 

THIS  TECHNIQUE  INCLUDES  THE  EFFECTS  OF  NAVIGATION 
ERROR  PROPAGATION#  THE  STATISTICS  OF  THE  ANOMALOUS 
FIELD  (THE  RESIDUAL  AFTER  ELLIPSOIDAL  OR  OTHER 
REFERENCE  FIELD  MODELING)#  THE  STATISTICS  OF 
GRAVITY  SURVEY  ERRORS#  AND  THE  ADVANCED  GRAVITY 
modeling,  these  EFFECTS  ARE  COMBINED  TO  YIELD  A 
MEASURE  OF  SYSTEM  PERFORMANCE  COST  AS  REFLECTED  IN 

THE  navigation  error  state  C(jvariance  due  to  gravity 
modeling  errors  acting  alone,  this  report  contains 

REFERENCES  TO  62  ITEMS  IN  THE  OPEN  LITERATURE 
pertinent  to  this  subject  area.  (AUTHOR)  (U) 
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descriptors;  ♦inertial  navigation. 

♦microminiaturization. 

♦RELIABILITY(ELECTRONICS) . JET  fighters^  beam 
LEADS.  Tantalum  capacitors,  thermal  stability,  fly 
BY  WIRE  control.  INTEGRATED  CIRCUITS.  MATHEMATICAL 
MODELS,  test  METHODS.  COSTS.  JET  FIGhTeRS  (U) 

identifiers;  F-I6  AIRCRAFT.  WUAFAL666Ao323. 

PE63203F  (U) 

THE  PURPOSE  OF  THE  MICRON  RELIABILITY 
ANALYSIS  PROGRAM  WAS  FOR  MARTIN  MARIETTA 

corporation  (mmc)  to  assist  The  air  force 
AVIONICS  laboratory  TO  ACHIEVE  A MICRON 
inertial  navigation  system  that  would  exhibit  a 
HIGH  reliability  AND  PROVIDE  A SIGNIFICANTLY  REDUCED 

cost-of-ownership.  The  approach  used  by  mmc  to 
HELP  attain  The  specified  program  goals  included,  but 

WAS  NOT  limited  TO.  PREPARING  A RELIABILITY  PROGRAM 

plan  and  reliability  test  plan,  performing 
independent  Reliability  analyses  and  assessments, 
preparing  design  guidelines,  performing  trade  off 
STUDIES,  developing  RELIABILITY  MODELS.  SUPPLYING 
data,  and  monitoring  testing.  (U) 
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APR  77  33P 

kept.  no.  TASC-SP-957-1-1 
CONTRACT:  DAAGb3-7fa-M-5899 
MONITOR;  ETL  0112 

UNCLASSIFIED  REPORT 


DESCRIPTORS;  ♦GRADIOMETERS.  ♦INERTIAL  NAVIGATION* 
♦POSITION  FINDING*  ERRORS*  KALMAN  FILTERING* 
gravity*  real  time*  ACCELEROMETERS*  GYROSCOPES* 
data  processing*  deflection*  COMPUTERIZED 
SIMULATION  (U) 

IDENTIFIERS;  ♦RAPID  GRAVITY  SURVEY  SYSTEM* 

♦inertial  POSITIONING  SYSTEM*  RGSSCRAPID  GRAVITY 

SURVEY  SYSTEM)*  ZERO  VELOCITY*  VERTICAL 

DEFLECTION  END  CALIBRATION  (U) 

This  report  considers  a mobile  vehicle  equipped 

WITH  BOTH  AN  INERTIAL  POSITIONING  SYSTEM  (IPS)  AND 
A GRADIOMeTlR.  for  suitable  GRADIOMETER-AIDING 
configurations*  The  following  variables  are 
determined;  (d  real-time  vs  post- 
mission data  processing*  (2)  PRESENCE  OR 
ABSENCE  OF  TERMINAL  CALIBRATION  DATA*  (3) 

CONTINUOUS  time  VS  HALTED  VEHICLE 
GRADIOMETeR  operation*  (4)  GRaDIOMETER 
ERRORS*  (5)  ZERO  VELOCITY  AND  GRADIOMETER 
calibration  stops*  and  (6)  GYRO  AND 

accelerometer  errors,  this  report  concluded  that 
ONE  SEC  OK  better  gradiometek-aided  rgss 
performance  In  open  traverse  is  unlikely  without 

VERTICAL  DEFLECTION  END  CALIBRATION.  IN  ADDITION* 

THE  keynote  of  SUCCESSFUL  RGSS/GRADIOMETER 
INTEGRATION  WILL  BE  CONTROL  AND  COMPENSATION  OF 
SYSTEM  BIAS  AND  LOW  FREQUENCY  ERROR  SOURCES. 

(AUTHOR)  (U) 
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DDC  HEPOkT  bIBLICGRAPHY  SlaRCH  CONTROL  NO.  Z0M07 
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INCOSYM  INC  CaLABASAS  CA 

INCOFLtX  Two  AXES  ACCELEROMETER 
PROGRAM. 

DESCRIPTIVE  note;  FINAL  REPT.  22  JUN  76-26  JUL  77» 

AUG  77  43P  RUSSELL»J.  JCRAlC.R.  J,  i 

CONTRACT;  DAAK40-76-C-1025 

Unclassified  report 


DESCRIPTORS;  ♦ACCELEROMETERS.  ♦INERTIAL  NAVIGATION. 
♦pendulums,  suspension  DEVICES.  MULTIPLE 
OPERATION,  thermal  STABILITY.  TEMPERATURE 
COEFFICIENTS.  ACCURACY.  DRIFT.  BIAS.  TOROUE. 
test  methods.  FLEXING.  FEEDBACK 

THE  purpose  of  THE  CONTRACT  WAS  TO  BUiLD  2 TWO-AXES 

accelerometers,  test  them  and  deliver  to  the  U.S. 

ARMY  missile  COMMAND.  THESE  ACCELEROMETERS 
WERE  TO  BE  ACCURATE  ENOUGH  FOR  THE  INERTIAL 
navigation  but  were  to  require  no  HEATING  OR  THERMAL 

control,  this  report  documents  the  effort  and  The 
TEST  results. 
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ODC  REPORT  BIBLIOGRAPHY  SEARCH  CONTROL  NO.  Z0MO7 
AO-  763  718  17/7 

AEROSPACE  CORP  EL  SEGUNDO  CALIF  ENGINEERING  SCIENCE 
OPERATIONS 

APPLICATION  OF  EXTENDED  KALMAN  FILTERING  TO  A 
DYNAMIC  LABORATORY  CALIBRATION  OF  AN  INERTIAL 
NAVIGATION  SYSTEM*  (U) 

MAR  73  250P  HELLIN6S*FRAZIER  J.  t 

REPT.  NO.  TR-0073(3115)-3 

CONTRACT:  F04701-72-C-0073  

monitor:  SAMSO  TR-73-219 

Unclassified  report 


descriptors:  (*inertial  navigation*  data  processing)* 
gyro  compasses*  accelerometers*  detectors*  alignment* 
errors*  mathematical  models*  regression  analysis  (U) 
identifiers:  computer  aided  analysis*  KALMAN 

FILTERS  (U) 


THE  REPORT  DESCRIBES  A DATA  REDUCTION  TECHNIQUE 
that  obtains  ESTIMATES  OF  INERTIAL  SENSOR  ERROR  MODEL 
COEFFICIENTS  FROM  A DYNAMIC  LABORATORY  CALIBRATION  OF 
A TYPICAL  inertial  NAVIGATION  SYSTEM.  THE 
ERROR  MODEL  COEFFICIENTS  ARE  THOSE  ASSOCIATED  WITH 
GYROS*  accelerometers*  AND  THEIR  MISALIGNMENT  ERRORS 
THAT  HAVE  BEEN  FOUND  BY  TEST  AND  ANALYSIS  TO  BE  THE 

predominant  sources  of  error  affecting  system 

ACCURACY.  ALL  THE  ERROR  TERMS  CONSIDERED  ARE 
CATEGORIZED  AS  EITHER  FIXED  (INDEPENDENT  OF  APPLIED 
ACCELERATION)*  FIRST-ORDER  (PROPORTIONAL  TO  ThE 
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